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ENGINEERED IGA ANTIBODIES AND METHODS OF USE

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 62/824,864, filed March 27,

2019; which is incorporated herein by reference in their entirety.

BACKGROUND OF THE DISCLOSURE
[0002] Monoclonal antibodies of IgG isotype targeting tumor antigens have proven to be an effective
treatment of various cancers. Over the years an increasing number of monoclonal antibodies targeting
different tumor antigens have been approved for use in cancer therapies. However, their clinical efficacy and
side effects, especially as a monotherapy, are still insufficient. Therefore, it is of interest to develop new
antibody therapies with increased clinical efficacy, novel targeting modalities or modes of action and/or

decreased number and severity of side effects.

SUMMARY OF THE DISCLOSURE
[0003] Provided herein is an antibody or a functional fragment thereof that comprises: an antigen binding
domain; and a constant domain, wherein the constant domain comprises an immunoglobulin A (IgA) heavy
chain constant region, wherein the IgA heavy chain constant region comprises an IgA CH2 region and an IgA
CH3 region, wherein the IgA heavy chain constant region comprises a modification of at least two naturally
occurring glycosylation sites, as compared to a corresponding wild type (WT) IgA heavy chain constant
region, and wherein each of the at least two naturally occurring glycosylation sites is in the IgA CH2 region
or in the IgA CH3 region.
[0004] In some embodiments, the at least two naturally occurring glycosylation sites are two naturally
occurring N-linked glycosylation sites. In some embodiments, one or more of the at least two naturally
occurring glycosylation sites comprise a naturally occurring asparagine (N) amino acid residue which are
modified in the engineered antibodies disclosed herein as compared to a corresponding wild type IgA. In
some embodiments, the modification comprises an amino acid substitution, or an amino acid deletion of one,
or both of the at least two naturally occurring glycosylation sites. In some embodiments, the amino acid
substitution is a non-conservative amino acid substitution. In some embodiments, the IgA heavy chain
constant region comprises an amino acid substitution at: i.N114 and N135, ii. N114 and N15.2, or iii. N135
and N15.2, relative to a corresponding WT IgA heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to IMGT scheme. In some embodiments, the IgA heavy
chain constant region comprises: i. a N114T amino acid substitution and a N135Q amino acid substitution, ii.

a N114T amino acid substitution and an amino acid substitution selected from the group consisting of
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N15.2G, N15.2Q, and N15.2T, or iii. a N135Q amino acid substitution and an amino acid substitution from
the group consisting of N15.2G, N15.2Q, and N15.2T, relative to a corresponding WT IgA heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT
scheme.

[0005] In some embodiments, the IgA heavy chain constant region comprises a modification of at least three
naturally occurring glycosylation sites, as compared to a corresponding wild type IgA. In some embodiments,
the at least three naturally occurring glycosylation sites are three N-linked glycosylation sites. In some
embodiments, the three naturally occurring glycosylation sites each comprise an asparagine (N) amino acid
residue which is modified in the antibodies described herein.

[0006] In some embodiments, the modification is an amino acid substitution or an amino acid deletion. In
some embodiments, the amino acid substitution is a non-conservative substitution. In some embodiments, the
IgA heavy chain constant region comprises an amino acid substitution at: N114, N135, and N15.2, relative to
the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering
according to IMGT scheme. In some embodiments, the IgA heavy chain constant region comprises: i. a
N114T amino acid substitution, ii. a N135Q amino acid substitution, and iii. an amino acid substitution
selected from the group consisting of N15.2G, N15.2Q, and N15.2T, relative to a WT IgA heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to the IMGT
scheme.

[0007] In some embodiments, an IgA heavy chain constant region of an antibody described herein further
comprises an IgA CHI region. In some embodiments, the heavy chain constant region comprises a
modification of at least one naturally occurring N-linked glycosylation site in the IgA CH2 region, at least one
naturally occurring glycosylation site in the IgA CH3 regions, and at least one naturally occurring
glycosylation site within the IgA CH1 region, as compared to a corresponding wild type IgA. In some
embodiments, the IgA heavy chain constant region comprises an amino acid substitution at: i. N45.2, N114,
and N 135, orii. N45.2, N15.2, and N 135, relative to a WT IgA heavy chain constant region comprising an
amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

[0008] In some embodiments, the IgA heavy chain constant region comprises: i. a N45.2G amino acid
substitution, a N114T amino acid substitution, and a N135Q amino acid substitution; or ii. the N45.2G amino
acid substitution, the N135Q amino acid substitution, and an amino acid substitution selected from a group
consisting of N15.2G, N15.2Q, and N15.2T, relative to a WT IgA heavy chain constant region comprising an
amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

[0009] In some embodiments, the heavy chain constant region of an antibody described herein comprises a
modification of at least two naturally occurring N-linked glycosylation site in the IgA CH2 region, and at

least one naturally occurring glycosylation site within the IgA CH1 region, as compared to a corresponding
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wild type IgA. In some embodiments, the IgA heavy chain constant region comprises an amino acid
substitution at: i. N45.2, N114, and N15.2G, numbering according to IMGT scheme. In some embodiments,
described herein the IgA heavy chain constant region comprises: i. a N45.2G amino acid substitution, ii. a
N114T amino acid substitution, and iii. an amino acid substitution selected from the group consisting of
N15.2G, N15.2Q, and N15.2T, relative to the WT IgA heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to IMGT scheme

[0010] In some embodiments, an antibody described herein or functional fragment thereof exhibits a greater
circulating half-life compared to a corresponding WT IgA antibody. In some embodiments, the antibody or
the functional fragment thereof exhibits decreased aggregation compared to a corresponding WT IgA
antibody. In some embodiments, the antibody or the functional fragment thereof exhibits decreased
aggregation with serum proteins, compared to a corresponding WT IgA antibody. In some embodiments, the
antibody or the functional fragment thereof induces increased antibody dependent cell mediated cytotoxicity
(ADCC), compared to a comparable antibody comprising an IgG heavy chain constant region. In some
embodiments, the antibody or the functional fragment thereof exhibits increased thermostability, compared to
a corresponding WT IgA antibody. In some embodiments, the antibody or the functional fragment thereof
exhibits decreased glycosylation, compared to a corresponding WT IgA antibody.

[0011] In some embodiments, the IgA heavy chain constant region exhibits binding to a FcaR expressed on
an immune effector cell with increased affinity, compared to a corresponding WT IgA antibody. In some
embodiments, the IgA heavy chain constant region comprises a modification of at least four naturally
occurring glycosylation sites, as compared to a corresponding wild type IgA. In some embodiments, the at
least four naturally occurring glycosylation sites are four naturally occurring N-linked glycosylation sites. In
some embodiments, the at least four naturally occurring glycosylation sites each comprise a naturally
occurring asparagine (N) amino acid residue. In some embodiments, the heavy chain constant region
comprises a modification of at least two naturally occurring N-linked glycosylation sites within the IgA CH2
region, at least one naturally occurring N-linked glycosylation sites within the IgA CH3 region, and at least
one naturally occurring N-linked glycosylation site within the IgA CH1 region, as compared to a
corresponding wild type IgA. In some embodiments, the IgA heavy chain constant region comprises an amino
acid substitution at amino acid residues: N45.2, N114, N135, and N15.2, relative to a WT IgA heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT
scheme.

[0012] In some embodiments, the IgA heavy chain constant region of an antibody described herein
comprises a non-conservative amino acid substitution at amino acid residues: N45.2, N114, N135, and N15.2,

numbering according to IMGT scheme.
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[0013] In some embodiments, the IgA heavy chain constant region comprises: i. a N45.2G amino acid
substitution, ii. a N114T amino acid substitution, iii. a N135Q amino acid substitution, and iv an amino acid
substitution selected from the group consisting of N15.2G, N15.2Q, and N15.2T, relative to the WT IgA
heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to
IMGT scheme. In some embodiments, the antibody or the functional fragment thereof exhibits a greater
circulating half-life compared to a corresponding IgA antibody comprising at least one naturally occurring N-
linked glycosylation site. In some embodiments, the antibody or the functional fragment thereof induces
increased antibody dependent cell mediated cytotoxicity (ADCC), compared to a corresponding comparable
antibody comprising an IgG CH2 domain and an IgG CH3 domain. In some embodiments, the antibody or the
functional fragment thereof exhibits increased thermostability, compared to a corresponding IgA antibody
comprising at least one naturally occurring N-linked glycosylation site. In some embodiments, the antibody
or the functional fragment thereof exhibits decreased glycosylation, compared to a corresponding IgA
antibody comprising at least one naturally occurring N-linked glycosylation site. In some embodiments, the
IgA heavy chain constant region exhibits binding to a FcoR expressed on an immune effector cell with
increased affinity, compared to a corresponding IgA antibody comprising at least one naturally occurring N-
linked glycosylation site.

[0014] In some embodiments, the IgA heavy chain constant region of an antibody described herein
comprises a modification of at least one naturally occurring cysteine (C) amino acid residue, as compared to a
corresponding wild type IgA. In some embodiments, the modification is an amino acid substitution or an
amino acid deletion of the at least one naturally occurring cysteine (C) amino acid residue. In some
embodiments, the amino acid substitution is a non-conservative amino acid substitution of the at least one
naturally occurring cysteine (C) amino acid residue. In some embodiments, the at least one naturally
occurring cysteine amino acid residue is C147 or C86, relative to a WT IgA heavy chain constant region
comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme. In some
embodiments, the IgA heavy chain constant region comprises a C86S amino acid substitution, relative to the
WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering
according to IMGT scheme. In some embodiments, the IgA heavy chain constant region comprises a deletion
of C147, relative to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID
NO: 1, numbering according to the IMGT scheme. In some embodiments, the antibody or the functional
fragment thereof exhibits decreased aggregation compared to a corresponding WT IgA antibody or the
functional fragment thereof. In some embodiments, the antibody or the functional fragment thereof exhibits
decreased aggregation with serum proteins compared to a corresponding WT IgA construct.

[0015] In some embodiments, the IgA heavy chain constant region of an antibody described herein

comprises a modification of at least two naturally occurring cysteine (C) amino acid residues, as compared to
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a corresponding wild type IgA. In some embodiments, the modification comprises an amino acid substitution
of one, or both of the at least two naturally occurring cysteine (C) amino acid residues. In some
embodiments, the modification comprises a deletion of one, or both of the at least two naturally occurring
cysteine (C) amino acid residues.

[0016] In some embodiments, the IgA heavy chain constant region comprises an amino acid substitution one
of the at least two naturally occurring cysteine (C) amino acid residues, and a deletion of one of the at least
two naturally occurring cysteine (C) amino acid residues. In some embodiments, the at least two naturally
occurring cysteine amino acid residue are C147 and C86, relative to the WT IgA heavy chain constant region
comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme. In some
embodiments, the IgA heavy chain constant region comprises a deletion of C147, relative to the WT IgA
heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to
IMGT scheme. In some embodiments, the IgA heavy chain constant region comprises an amino acid
substitution of C86, relative to the WT IgA heavy chain constant region comprising an amino acid sequence
of SEQ ID NOs: 1, numbering according to IMGT scheme.

[0017] In some embodiments, the IgA heavy chain constant region of an antibody described herein
comprises an amino acid substitution of the naturally occurring C86 amino acid residue, and a deletion of the
naturally occurring C147 amino acid residue, relative to a WT IgA heavy chain constant region comprising an
amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme. In some embodiments, the
IgA heavy chain constant region comprises an C86S amino acid substitution, relative to the WT IgA heavy
chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT
scheme. In some embodiments, the antibody or the functional fragment thereof exhibits decreased aggregation
compared to a corresponding WT IgA antibody. In some embodiments, the antibody or the functional
fragment thereof exhibits decreased aggregation with serum proteins compared to a corresponding WT IgA
antibody.

[0018] In some embodiments, the IgA heavy chain constant region of an antibody described herein
comprises a modification of at least one naturally occurring tyrosine (Y) amino acid residue, as compared to a
corresponding wild type IgA. In some embodiments, the modification is an amino acid substitution or a
deletion of the at least one naturally occurring tyrosine (Y) amino acid residue. In some embodiments, the
amino acid substitution is a non-conservative amino acid mutation of the at least one naturally occurring
tyrosine (Y) amino acid residue, as compared to a WT IgA antibody. In some embodiments, the at least one
tyrosine residue is Y148, relative to a WT IgA heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to IMGT scheme. In some embodiments, the amino acid
Y148 is deleted, relative to the WT IgA heavy chain constant region comprising an amino acid sequence of

SEQ ID NO: 1, numbering according to IMGT scheme. In some embodiments, the antibody or the functional
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fragment thereof exhibits decreased aggregation compared to a corresponding WT IgA antibody. In some
embodiments, the antibody or the functional fragment thereof exhibits decreased aggregation with serum
proteins compared to a corresponding WT IgA antibody.

[0019] In some embodiments, the IgA heavy chain constant region of an antibody described herein
comprises a modification of at least one naturally occurring threonine (T) amino acid residue, as compared to
a corresponding wild type IgA antibody. In some embodiments, the modification comprises an amino acid
substitution or deletion of the at least one naturally occurring threonine (T) amino acid residue, as compared
to a corresponding wild type IgA antibody. In some embodiments, the amino acid substitution is a non-
conservative amino acid substitution of the at least one naturally occurring threonine (T) amino acid residue.
In some embodiments, the at least one naturally occurring threonine amino acid residue is T116 or T16,
relative to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1,
numbering according to IMGT scheme. In some embodiments, the antibody or the functional fragment
thereof exhibits decreased aggregation compared to a corresponding WT IgA antibody. In some
embodiments, the antibody or the functional fragment thereof exhibits decreased aggregation with serum
proteins compared to a corresponding WT IgA antibody. In some embodiments, the IgA heavy chain constant
region comprises a modification of at least two naturally occurring threonine (T) amino acid residues, as
compared to a corresponding wild type IgA. In some embodiments, the modification comprises an amino
acid substitution or a deletion of one, or both the at least two naturally occurring threonine (T) amino acid
residues. In some embodiments, the amino acid substitution is a non-conservative amino acid substitution of
one, or both of the at least two naturally occurting threonine (T) amino acid residues. In some embodiments,
the at least two naturally occurring threonine (T) amino acid residue are T116 or T16, relative to a WT IgA
heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to
IMGT scheme. In some embodiments, the IgA heavy chain constant region comprises a T116S amino acid
substitution, relative to a WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID
NO: 1, numbering according to IMGT scheme. In some embodiments, the IgA heavy chain constant region
comprises a T16S amino acid substitution, relative to the WT IgA heavy chain constant region comprising an
amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

[0020] In some embodiments, the IgA heavy chain constant region of an antibody described herein
comprises a modification of at least one naturally occurring isoleucine (I) amino acid residue, as compared to
a corresponding wild type IgA. In some embodiments, the modification comprises an amino acid substitution
or a deletion of the at least one naturally occurring isoleucine (I) amino acid residue. In some embodiments,
the amino acid substitution comprises a non-conservative amino acid substitution of the at least one naturally
occurring isoleucine (I) amino acid residue. In some embodiments, the at least one naturally occurring

isoleucine (I) residue is I115, relative to the WT IgA heavy chain constant region comprising an amino acid
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sequence of SEQ ID NO: 1, numbering according to IMGT scheme. In some embodiments, the IgA heavy
chain constant region comprises a I1 15L amino acid substitution, relative to a WT IgA heavy chain constant
region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme. In some
embodiments, the IgA heavy chain constant region comprises a modification of at least one naturally
occurring leucine (L) amino acid residue, as compared to a corresponding wild type IgA. In some
embodiments, the modification comprises an amino acid substitution or a deletion of the at least one naturally
occurring leucine (L) amino acid residue. In some embodiments, the amino acid substitution is a non-
conservative amino acid substitution of the at least one naturally occurring leucine (L) amino acid residue. In
some embodiments, the at least one naturally occurring leucine (L) residue is L15.3, relative to the WT IgA
heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to
IMGT scheme. In some embodiments, the IgA heavy chain constant region comprises a L15.3I amino acid
substitution, relative to a WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID
NO: 1, numbering according to IMGT scheme.

[0021] In some embodiments, the IgA heavy chain constant region of an antibody described herein
comprises a modification of at least one naturally occurring proline (P) amino acid residue, as compared to a
corresponding wild type IgA. In some embodiments, the IgA heavy chain constant region comprises an amino
acid substitution or a deletion of the at least one naturally occurring proline (P) amino acid residue. In some
embodiments, the amino acid substitution is a non-conservative amino acid substitution of the at least one
naturally occurring proline (P) amino acid residue. In some embodiments, the at least one naturally occurring
proline (P) residue is P124, relative to a WT IgA heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to IMGT scheme. In some embodiments, the IgA heavy
chain constant region comprises a P124R amino acid substitution, relative to the WT IgA heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT
scheme. In some embodiments, the antibody or functional fragment thereof exhibits greater stability,
compared to a corresponding WT IgA antibody. In some embodiments, the antibody or the functional
fragment thereof exhibits greater stability between a heavy chain and a light chain, compared to a
corresponding WT IgA antibody. In some embodiments, the antibody or functional fragment thereof has a
covalent linkage between the heavy chain and the light chain. In some embodiments, the antibody or the
functional fragment thereof comprises a disulfide bond between a cysteine (C) amino acid residue of the
heavy chain and a cysteine (C) amino acid residue of the light chain. In some embodiments, the IgA heavy
chain constant region comprises an amino acid sequence selected from any one of SEQ ID NOs: 16-21.
[0022] In some embodiments, antibody described herein comprises a heavy chain region of a modified IgA
of an allotype IgA2m(1) antibody or IgA2m(2). In some embodiments, the antibody is an allotype Caucasian

IgA2m(1) antibody. In some embodiments, the IgA heavy chain constant region comprises a modification of a
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C-terminal IgA tail piece, as compared to a corresponding wild type IgA. In some embodiments, the
modification comprises a deletion of the C-terminal 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 12, 10, 8, 6, 4,
or 2 amino acids. In some embodiments, the modification comprises a deletion of the C-terminal 18 amino
acids. In some embodiments, the modification comprises a deletion of C-terminal amino acid residues 131-
148, relative to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO:
1, numbering according to IMGT scheme. In some embodiments, the IgA heavy chain constant region
comprises a deletion of the C-terminal amino acid residues P131-Y 148 relative to the WT IgA heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT
scheme.

[0023] In some embodiments, the IgA heavy chain constant region of an antibody described herein
comprises an IgA1 constant region comprising an IgA1 CH2 region and an IgA1 CH3 region. In some
embodiments, the IgA1 constant region further comprises an IgA1 CHI region. In some embodiments, the
IgA heavy chain constant region comprises an IgA2 constant region comprising an IgA2 CH2 region and an
IgA2 CH3 region. In some embodiments, the IgA2 constant region further comprises an IgA2 CH1 region. In
some embodiments, the antibody or the functional fragment thereof exhibits a circulating half-life within 1%,
5%, 10%, 20%, or 30% of the circulating half-life of a corresponding antibody comprising the antigen binding
domain and an IgA heavy chain constant region comprising an IgG CH2 region and an IgG CH3 region.
[0024] Provided herein is an antibody or a functional fragment thereof comprising: an antigen binding
domain; and a constant domain, wherein the constant domain comprises an IgA2 heavy chain constant region
comprising an IgA2 CHI region, IgA2 CH2 region and an IgA2 CH3 region; wherein the IgA2 heavy chain
constant region comprises a N135Q amino acid substitution, numbering according to IMGT scheme, as
compared to a corresponding relative to a WT IgA heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1.

[0025] In some embodiments, the heavy chain constant region further comprises: a N45.2G amino acid
substitution, a N114T amino acid substitution, a I115L amino acid substitution, a T116S amino acid
substitution, and an amino acid substitution selected from the group consisting of N15.2G, N15.2Q, and
N15.2T, relative to a WT IgA2 heavy chain constant region comprising an amino acid sequence of SEQ ID
NO: 1, numbering according to IMGT scheme. In some embodiments, the heavy chain constant region further
comprises: a C86S amino acid substitution, a P124R amino acid substitution, a deletion of C147, a deletion of
Y148, a L.15.31 amino acid substitution, a T16S amino acid substitution, or a combination thereof, relative to
the WT IgA2 heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering
according to IMGT scheme.

[0026] Provided herein is an antibody or a functional fragment thereof comprising: an antigen binding

domain; and a constant domain, wherein the constant domain comprises an IgA2 heavy chain constant region
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comprising an IgA2 CH2 region and an IgA2 CH3 region, and wherein the IgA2 heavy chain constant region
comprises: a C86S amino acid substitution, a N114T amino acid substitution, a I115L amino acid substitution,
a T116S amino acid substitution, and a N135Q amino acid substitution, relative to WT IgA2 heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT
scheme.

[0027] Provided herein is an antibody or a functional fragment thereof comprising: an antigen binding
domain; and a constant domain, wherein the constant domain comprises an IgA2 heavy chain constant region
comprising an IgA2 CH1 region, an IgA2 CH2 region, and an IgA CH3 region, and wherein the IgA2 heavy
chain constant region comprises: a N45.2G amino acid substitution, a C86S amino acid substitution, a N114T
amino acid substitution, a I115L amino acid substitution, a T116S amino acid substitution, a N135Q amino
acid substitution, a deletion of C147, and a deletion of Y 148, relative to the WT IgA2 heavy chain constant
region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme. In some
embodiments, the IgA2 heavy chain constant region comprises an amino acid sequence that is at least 95%
identical to SEQ ID NO: 16.

[0028] Provided herein is an antibody or a functional fragment thereof comprising: an antigen binding
domain; and a constant domain, wherein the constant domain comprises an IgA2 heavy chain constant region
comprising an IgA2 CHI region, an IgA2 CH?2 region, and an IgA2 CH3 region, and wherein the IgA2 heavy
chain constant region comprises: a N45.2G amino acid substitution, a C86S amino acid substitution, a N114T
amino acid substitution, a I115L amino acid substitution, a T116S amino acid substitution, and a deletion of
C-terminal tail piece, relative to the WT IgA2 heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

[0029] In some embodiments, the deletion of C-terminal tail piece comprises a deletion of C-terminal amino
acid residues P131-Y148, relative to the WT IgA heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to the IMGT scheme.

[0030] In some embodiments, an IgA2 heavy chain constant region of an antibody described herein
comprises an amino acid sequence that is at least 75%, 80%, 85%. 90%, 95%, 96%, 97%. 98%. 99%. 99.1%,
99.2%, 99.3%, 99.4%, 99.5%, 99.6, 99.7%, 99.8%, 99.9% or 100% identical to SEQ ID NO: 17.

[0031] Provided herein is an antibody or a functional fragment thereof comprising: an antigen binding
domain; and a constant domain, wherein the constant domain comprises an IgA2 heavy chain constant region
comprising an IgA2 CHI1 region, an IgA2 CH2 region, and an IgA2 CH3 region; wherein the IgA2 heavy
chain constant region comprises: a N45.2G amino acid substitution, a N114T amino acid substitution, a I115L
amino acid substitution, a T116S amino acid substitution, a N135Q amino acid substitution, an amino acid

substitution selected from the group consisting of N15.2G, N15.2Q, and N15.2T, a L15.3I amino acid
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substitution, and a T16S amino acid substitution, relative to the WT IgA2 heavy chain constant region
comprising an amino acid sequence of SEQ ID NO: 1, numbering according to the IMGT scheme.

[0032] Provided herein is an antibody or a functional fragment thereof comprising: an antigen binding
domain; and a constant domain, wherein the constant domain comprises an IgA2 heavy chain constant region
comprising an IgA2 CH1 region, an IgA2 CH2 region, and an IgA2 CH3 region, and wherein the IgA2 heavy
chain constant region comprises: a N45.2G amino acid substitution, a N114T amino acid substitution, a I1 15L.
amino acid substitution, a T116S amino acid substitution, an amino acid substitution selected from the group
consisting of N15.2G, N15.2Q, and N15.2T, a L15.31 amino acid substitution, a T16S amino acid
substitution, and a deletion of C-terminal amino acids P131-Y 148, relative to the WT IgA2 heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to the IMGT
scheme.

[0033] In some embodiments, an antibody or the functional fragment thereof disclosed herein comprising: a
C86S amino acid substitution, a P124R amino acid substitution, a deletion of C147, a deletion of Y148, ora
combination thereof, relative to the WT IgA2 heavy chain constant region comprising an amino acid sequence
of SEQ ID NO: 1, numbering according to IMGT scheme. In some embodiments, the IgA2 heavy chain
constant region comprises an amino acid sequence that is at least 95% identical to a sequence selected from
any one of SEQ ID NOs: 18-21. In some embodiments, the antibody or the functional fragment thereof is
aglycosylated. In some embodiments, the antibody or the functional fragment thereof has increased
circulatory half life than a corresponding IgA comprising one or more of wild type amino acid residues
N45.2, N114, 1115, T116, N15.2, L15.3, T16, or a C-terminal amino acid residues P131-Y 148, numbering
according to the IMGT scheme.

[0034] In some embodiments, an antibody or functional fragment thereof described herein induces increased
antibody dependent cell mediated cytotoxicity (ADCC), compared to a corresponding antibody comprising an
IgG heavy chain constant domain. In some embodiments, the antibody or the functional fragment thereof
exhibits increased thermostability, compared to a corresponding IgA comprising one or more of wild type
amino acid residues N45.2, N114, 1115, T116, N15.2, LL15.3, T16, or a C-terminal amino acid residues P131-
Y 148, numbering according to the IMGT scheme, numbering according to the IMGT scheme. In some
embodiments, the antibody or the functional fragment thereof exhibits decreased glycosylation, compared to a
corresponding IgA comprising one or more of wild type amino acid residues N45.2, N114, I115, T116,
N15.2, L15.3, T16, or a C-terminal amino acid residues P131-Y 148, numbering according to the IMGT
scheme. In some embodiments, the IgA heavy chain constant region exhibits binding to FcaR expressed on an
immune effector cell with increased affinity, compared to a comprising one or more of wild type amino acid
residues N45.2, N114, 1115, T116, N15.2, L15.3, T16, or a C-terminal amino acid residues P131-Y 148,

numbering according to the IMGT scheme. In some embodiments, the IgA heavy chain constant region
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further comprises a hinge region. In some embodiments, the hinge region comprises an IgA hinge amino acid
sequence or a variant or a fragment thereof. In some embodiments, the hinge region comprises a human IgA
hinge amino acid sequence or a variant or a fragment thereof. In some embodiments, the hinge is an IgA1
hinge or an IgA2 hinge, or a variant or a fragment thereof. In some embodiments, the constant domain further
comprises a light chain constant region. In some embodiments, the light chain constant region is a kappa light
chain constant region, wherein the kappa light chain constant region comprises a sequence of SEQ ID NO: 31
In some embodiments, the IgA heavy chain constant region further comprises one or more albumin binding
regions. In some embodiments, the one or more albumin binding domains are fused to the C-terminus of the
CH3 region. In some embodiments, the constant region comprises the light chain constant region and the one
or more albumin binding domain is fused to the light chain constant region. In some embodiments, the
antibody or the functional fragment thereof has a greater circulating half-life compared to a corresponding
IgA antibody that does not comprise the one or more albumin binding domains. In some embodiments, the
antibody or the functional fragment thereof exhibits decreased complement-dependent cytotoxicity (CDC)
compared to a corresponding antibody comprising an IgG heavy chain constant domain when measured in a
suitable in vitro CDC assay.

[0035] In some embodiments, an antibody or functional fragment thereof described herein exhibits increased
antibody-dependent cell-mediated cytotoxicity (ADCC) compared to a corresponding WT IgA antibody when
measured in a suitable in vitro ADCC assay. In some embodiments, the antigen binding domain comprises a
heavy chain variable region and a light chain variable region. In some embodiments, the heavy chain variable
region of an antibody described herein comprises at least one of complementarity determining regions
(CDRs): HC-CDRI1 comprising an amino acid sequence selected from any one of SEQ ID NOs: 33-40, HC-
CDR2 comprising an amino acid sequence selected from any one of SEQ ID NOs: 41-48; and HC-CDR3
comprising an amino acid sequence selected from any one of SEQ ID NOs: 49-56.

[0036] In some embodiments, the light chain variable region of an antibody described herein comprises at
least one of complementarity determining regions (CDRs): LC-CDR1 comprising an amino acid sequence
selected from any one of SEQ ID NOs: 57-64;L.C-CDR2 comprising an amino acid sequence selected from
any one of SEQ ID NOs: 65-72; and LC-CDR3 comprising an amino acid sequence selected from any one of
SEQ ID NOs: 73-80.

[0037] In some embodiments, the heavy chain variable region of an antibody described comprises a sequence
having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%., 99.3%. 99.4%, 99.5%,
99.6%, 99.7%, 99.8%, 99.9% or 100% identity to an amino acid sequence selected from any one of SEQ ID
NOs: 4, 7, 81-86. In some embodiments, the light chain variable region comprises a sequence having at least
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%,
99.8%, 99.9% or 100% identity to an amino acid sequence selected from any one of SEQ ID NOs: 5, 8, 95-
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100. In some embodiments, each of the heavy chain and light chain CDRs are derived from an IgG antibody.
In some embodiments, the heavy chain variable region further comprises four framework regions (FWs): HC-
FW1, HC-FW2, HC-FW3, and HC-FW4. In some embodiments, the light chain variable region further
comprises four framework regions (FWs): LC-FW1, LC-FW2, LC-FW3, and LC-FW4.

[0038] In some embodiments, each the heavy chain and light chain FW regions are derived from an IgG
antibody. In some embodiments, each the heavy chain and light chain FW regions are derived from an IgA
antibody.

[0039] In some embodiments, an antibody described herein or the functional fragment thereof is a chimeric
antibody, a heavy chain antibody, a single chain antibody, a humanized antibody, a human antibody, a
monoclonal antibody, a deimmunized antibody, a bispecific antibody, a multispecific antibody, a multivalent
antibody, or a combination thereof.

[0040] In some embodiments, the antigen-binding fragment of an antibody described herein comprises a Fab,
Fab’, Fab’-SH, Fv, scFv, F(ab')2, a diabody, a linear antibody, a single domain antibodies (sdAb), a VHH
domain, or a multi-specific antibody formed from antibody fragments, In some embodiments, the variable
domain specifically binds to GD2, CD20, CD47, CD38, CD19, EGFR, HER2, PD-L1, or CD25. In some
embodiments, the antibody or the functional fragment thereof further comprises an enzyme, a substrate,
cofactor, a fluorescent marker, a chemiluminescent marker, a peptide tag, a magnetic particle, a drug, a toxin,
a radionuclide, a binding site for secondary antibodies, a metal binding domain, or a combination thereof.
[0041] Provided herein is a pharmaceutical composition of comprising the antibody or the functional
fragment thereof of any one of aspects above and a pharmaceutically acceptable carrier.

[0042] Provided herein is a method of treating or a composition for use in treating a subject in need thereof,
comprising administering to the subject a therapeutic dose of the antibody or the functional fragment thereof
of any one of aspects above or the pharmaceutical composition disclosed above.

[0043] In some embodiments, the antibody or the functional fragment thereof or the pharmaceutical
composition is cytolytic to a target cell. In some embodiments, the target cell is a cancer cell. In some
embodiments, the antibody or the functional fragment thereof or the pharmaceutical composition inhibits
tumor growth. In some embodiments, the antibody or the functional fragment thereof or the pharmaceutical
composition is administered subcutaneously, intravenously, intradermally, intraperitoneally, orally,
intramuscularly or intracranially. In some embodiments, the antibody or the functional fragment thereof or
the pharmaceutical composition is administered to the subject in combination with a second therapeutic agent.
In some embodiments, the second therapeutic agent comprises an anti-cancer agent, a chemotherapeutic
agent, radiation therapy, a cytotoxic agent, a NSAID, a corticosteroid, a dietary supplement such as an

antioxidant, or a combination thereof. In some embodiments, the second therapeutic agent is administered
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prior to, concurrently, or after administering the antibody or the functional fragment thereof or the
pharmaceutical composition.

[0044] Provided herein is an isolated nucleic acid encoding the antibody or the functional fragment thereof of
any one of aspects above.

[0045] Provided herein is an isolated nucleic acid molecule encoding a heavy chain polypeptide, the isolated
nucleic acid molecule comprising a first nucleic acid sequence encoding a IgA heavy chain constant region,
wherein the first nucleic acid sequence is selected from any one of SEQ ID NOs: 25-32. In some
embodiments, the isolated nucleic acid molecule aspect above, further comprises a second nucleic acid
sequence encoding a variable heavy chain region, wherein the second nucleic acid sequence is selected from
any one of SEQ ID NOs:87-84.

[0046] Provided herein is a vector comprising the isolated nucleic acid molecule of any one of aspects above.
[0047] Provided herein is a host cell comprising the isolated nucleic acid molecule of any one of aspects
above. In some embodiments, the host cell of any one of aspects above, further comprises an isolated nucleic
acid molecule encoding a light chain polypeptide, wherein the isolated nucleic acid molecule encoding the
light chain polypeptide comprises a nucleic acid sequence encoding a variable light chain region, wherein the
nucleic acid sequence is selected from any one of SEQ ID NOs:101-108. In some embodiments, the isolated
nucleic acid molecule encoding the light chain polypeptide further comprises a nucleic acid sequence
encoding a kappa light chain constant region, wherein the nucleic acid sequence comprises a sequence of SEQ
ID NO:32.

[0048] Provided herein is a host cell expressing the antibody or the functional fragment thereof of any one of
aspects above. In some embodiments, the host cell is a bacterial cell or a mammalian cell. In some
embodiments, the host cell is a CHO cell, or a HEK293 cell.

[0049] Provided herein is a method of producing an antibody or the functional fragment thereof, the method
comprising: (a) culturing the host cell of any one of aspects above in a medium under conditions permitting
expression of a polypeptide encoded by the isolated nucleic acid molecule and assembling of the antibody or
the functional fragment thereof; and (b) purifying the antibody or the functional fragment thereof from the
cultured host cell or the medium of the host cell. In some embodiments, the purifying is by size exclusion
chromatography.

[0050] Provided herein is an antibody or a functional fragment thereof that selectively binds to a CD20
polypeptide or a variant thereof, comprising: (a) an IgA heavy chain constant region, wherein the IgA heavy
chain constant region comprises an amino acid sequence selected from any one of SEQ ID NOs:16-21; and
(b) a variable heavy chain region, wherein the variable heavy chain region comprises at least one of a
complementarity-determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 33, HC-CDR2 of SEQ ID
NO: 41, and HC-CDR3 of SEQ ID NO: 49; (c) a variable light chain region, wherein the variable light chain
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region comprises at least one of a complementarity-determining region light chain 1 (LC-CDR1) of SEQ ID
NO:57, LC-CDR2 of SEQ ID NO:65, and LC-CDR3 of SEQ ID NO:73; or (d) the variable heavy chain of (b)
and the variable light chain of (c). In some embodiments, the variable heavy chain comprises a polypeptide
sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO: 81, and the
variable light chain comprises a polypeptide sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 95.

[0051] Provided herein is an antibody or a functional fragment thereof that selectively binds to a GD2
protein or a variant thereof, comprising: (a) an IgA heavy chain constant region, wherein the IgA heavy chain
constant region comprises an amino acid sequence selected from any one of SEQ ID NOs: 16-21; and (b) a
variable heavy chain region, wherein the variable heavy chain region comprises at least one of a
complementarity-determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 34, HC-CDR?2 of SEQ ID
NO: 42, and HC-CDR3 of SEQ ID NO: 50; (c) a variable light chain region, wherein the variable light chain
region comprises at least one of a complementarity-determining region light chain 1 (LC-CDR1) of SEQ ID
NO: 58, LC-CDR2 of SEQ ID NO: 66, and LC-CDR3 of SEQ ID NO: 74; or (d) the variable heavy chain of
(b) and the variable light chain of (c). In some embodiments, the variable heavy chain comprises a
polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO: 4,
and the variable light chain comprises a polypeptide sequence having at least 95% sequence identity to the
amino acid sequence of SEQ ID NO: 5.

[0052] Provided herein is an antibody or a functional fragment thereof that selectively binds to a Her2
protein or a variant thereof, comprising: (a) an IgA heavy chain constant region, wherein the IgA heavy chain
constant region comprises an amino acid sequence selected from SEQ ID NOs: 16-21; and (b) a variable
heavy chain region, wherein the variable heavy chain region comprises at least one of a complementarity-
determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 35, HC-CDR2 of SEQ ID NO: 43, and HC-
CDR3 of SEQ ID NO: 51; (c) a variable light chain region, wherein the variable light chain region comprises
at least one of a complementarity-determining region light chain 1 (LC-CDR1) of SEQ ID NO: 59, LC-CDR2
of SEQ ID NO: 67, and LC-CDR3 of SEQ ID NO: 75; or (d) the variable heavy chain of (b) and the variable
light chain of (c). In some embodiments, the variable heavy chain comprises a polypeptide sequence having at
least 95% sequence identity to the amino acid sequence of SEQ ID NO: 82, and the variable light chain
comprises a polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO: 96.

[0053] Provided herein is an antibody or a functional fragment thereof that selectively binds to a gp75
protein or a variant thereof, comprising: (a) an IgA heavy chain constant region, wherein the IgA heavy chain
constant region comprises an amino acid sequence selected from SEQ ID NOs: 16-21; and (b) a variable

heavy chain region, wherein the variable heavy chain region comprises at least one of a complementarity-
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determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 36, HC-CDR?2 of SEQ ID NO: 44, and HC-
CDR3 of SEQ ID NO: 52; (c) a variable light chain region, wherein the variable light chain region comprises
at least one of a complementarity-determining region light chain 1 (LC-CDR1) of SEQ ID NO: 60, LC-CDR2
of SEQ ID NO: 68, and LC-CDR3 of SEQ ID NO: 76; or (d) the variable heavy chain of (b) and the variable
light chain of (c). In some embodiments, the variable heavy chain comprises a polypeptide sequence having at
least 95% sequence identity to the amino acid sequence of SEQ ID NO: 83, and the variable light chain
comprises a polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO: 97.

[0054] Provided herein is an antibody or a functional fragment thereof that selectively binds to a CTLA4
protein or a variant thereof, comprising: (a) an IgA heavy chain constant region, wherein the IgA heavy chain
constant region comprises an amino acid sequence selected from SEQ ID NOs: 16-21; and (b) a variable
heavy chain region, wherein the variable heavy chain region comprises at least one of a complementarity-
determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 37, HC-CDR2 of SEQ ID NO: 45, and HC-
CDR3 of SEQ ID NO: 53; (c) a variable light chain region, wherein the variable light chain region comprises
at least one of a complementarity-determining region light chain 1 (LC-CDRI1) of SEQ ID NO: 61, LC-CDR2
of SEQ ID NO: 69, and LC-CDR3 of SEQ ID NO: 77; or (d) the variable heavy chain of (b) and the variable
light chain of (c). In some embodiments, the variable heavy chain comprises a polypeptide sequence having at
least 95% sequence identity to the amino acid sequence of SEQ ID NO: 84, and the variable light chain
comprises a polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO:98.

[0055] Provided herein is an antibody or a functional fragment thereof that selectively binds to a CD47
protein or a variant thereof, comprising: (a) an IgA heavy chain constant region, wherein the IgA heavy chain
constant region comprises an amino acid sequence selected from SEQ ID NOs:16-21; and (b) a variable
heavy chain region, wherein the variable heavy chain region comprises at least one of a complementarity-
determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 38, HC-CDR2 of SEQ ID NO: 46, and HC-
CDR3 of SEQ ID NO: 54; (c) a variable light chain region, wherein the variable light chain region comprises
at least one of a complementarity-determining region light chain 1 (LC-CDRI1) of SEQ ID NO: 62, LC-CDR2
of SEQ ID NO: 70, and LC-CDR3 of SEQ ID NO: 78; or (d) the variable heavy chain of (b) and the variable
light chain of (c). In some embodiments, the variable heavy chain comprises a polypeptide sequence having at
least 95% sequence identity to the amino acid sequence of SEQ ID NO: 85, and the variable light chain
comprises a polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO: 99.

[0056] Provided herein is an antibody or a functional fragment thereof comprising: an antigen binding

domain; and a constant domain, wherein the constant domain comprises an IgA2 heavy chain constant region



10

15

20

25

30

WO 2020/197400 PCT/NL2020/050217

16

comprising an IgA2 CHI region, an IgA2 CH2 region, and an IgA2 CH3 region, and wherein the IgA2 heavy
chain constant region comprises: a N45.2G amino acid substitution, a N135Q amino acid substitution, a
deletion of C147, and a deletion of Y 148, relative to the WT IgA2 heavy chain constant region comprising an
amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

[0057] Provided herein is an antibody or a functional fragment thereof comprising: an antigen binding
domain; and a constant domain, wherein the constant domain comprises an IgA2 heavy chain constant region
comprising an IgA2 CHI region, an IgA2 CH2 region, and an IgA2 CH3 region, and wherein the IgA2 heavy
chain constant region comprises: a N45.2G amino acid substitution, a N114T amino acid substitution, a I1 15L
amino acid substitution, a T116S amino acid substitution, an amino acid substitution selected from the group
consisting of N15.2G, N15.2Q, and N15.2T, and a deletion of C-terminal amino acids P131-Y148, relative to
the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering
according to the IMGT scheme.

[0058] In some embodiments, the antibody or the functional fragment thereof of aspect above, further
comprises: a C86S amino acid substitution, a P124R amino acid substitution, a deletion of C147, a deletion
of Y148, a L15.31 amino acid substitution, a T16S amino acid substitution or a combination thereof,

[0059] relative to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID
NO: 1, numbering according to IMGT scheme. In some embodiments, the IgA2 heavy chain constant region
comprises an amino acid sequence that is at least 95% identical to a sequence selected from any one of SEQ
ID NOs: 18-21. In some embodiments the antibody or the functional fragment thereof is aglycosylated.
[0060] In some embodiments the antibody or the functional fragment thereof has increased circulatory half-
life than a corresponding IgA comprising one or more of wild type amino acid residues N45.2, N114, 1115,
T116, N15.2, or a C-terminal amino acid residues P131-Y 148, numbering according to the IMGT scheme.
[0061] In some embodiments the antibody or the functional fragment thereof induces increased antibody
dependent cell mediated cytotoxicity (ADCC), compared to a corresponding antibody comprising an IgG
heavy chain constant domain. In some embodiments the antibody or the functional fragment thereof exhibits
increased thermostability, compared to a corresponding IgA comprising one or more of wild type amino acid
residues N45.2, N114, 1115, T116, N15.2, or a C-terminal amino acid residues P131-Y 148, numbering
according to the IMGT scheme, numbering according to the IMGT scheme. In some embodiments the
antibody or the functional fragment thereof exhibits decreased glycosylation, compared to a corresponding
IgA comprising one or more of wild type amino acid residues N45.2, N114, 1115, T116,N15.2, or a C-

terminal amino acid residues P131-Y 148, numbering according to the IMGT scheme.
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INCORPORATION BY REFERENCE

[0062] All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent application

was specifically and individually indicated to be incorporated by reference.
BRIEF DESCRIPTION OF THE FIGURES

[0063] The features of the present disclosure are set forth with particularity in the appended claims. A better
understanding of the features and advantages of the present disclosure will be obtained by reference to the
following detailed description that sets forth illustrative embodiments, in which the principles of the
disclosure are utilized, and the accompanying drawings of which:

[0064] FIG. 1 is an illustration showing the amino acid sequence of IgA2 heavy chain (UniProt Reference
No.: AOAOG2JMB2) (SEQ ID NO: 1). The highlighted amino acids depict the amino acids subject to
substitution in some embodiments described herein. The underlined sequence indicates the tail piece, which
all or part of can be deleted in some embodiments described herein.

[0065] FIG. 2 is an illustration showing the amino acid sequence of IgA2 heavy chain (UniProt Reference
No.: P01877) (SEQ ID NO: 2). The highlighted amino acids depict the amino acids subject to substitution in
some embodiments described herein. The underlined sequence indicates the tail piece, which all or part of can
be deleted in some embodiments described herein.

[0066] FIG. 3 is an illustration showing the amino acid sequence of a representative IgA2 heavy chain
(UniProt Reference No.: AOA286YEYS) (SEQ ID NO: 3). The highlighted amino acids depict the amino
acids subject to substitution or deletion in some embodiments described herein. In some further embodiments,
a corresponding amino acid can be deleted in a comparable IgA antibody or a comparable chimeric antibody
with an IgA2 constant region.

[0067] FIGs. 4A-4D show a schematic representation of engineered IgA variants relative to a wild type IgA
(IgA2(ml)). FIG. 4A shows representation of wild type (WT) IgA; IgA2m1 antibody. The wild type (WT)
IgA; IgA2m1 contains three N-glycosylation sites in its CH domains and 1 glycosylation site in its tailpiece.
[0068] FIG. 4B shows representation of an engineered IgA3.0+ (plus) variant. The engineered IgA3.0+
variant is generated by engineering IgA2m1 antibody to contain a stabilized heavy and light chain linkage via
a CH1-P124R mutation, removal of two free cysteines of which 1 is mutated to serine (CH2-C86S) and the
second (CH3-CHS-C147del) is removed by deletion of two final amino acids of the tailpiece. In addition,
three N-linked glycosylation sites have been removed by substituting critical amino acids in three N-
glycosylation motifs. Mutation in the three N-glycosylation motifs include CH1-N45.2G; CH2-N114T-I1115L-
T116S; CH3-CHS-N135Q.
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[0069] FIG. 4C shows representation of an engineered IgA3.0- or IgA3.0min variant contains deletion of the
entire tailpiece (CH3-CHS-P131-Y148del). The IgA3.0min variant contains a stabilized heavy and light chain
linkage (CH1-P124R mutation), deletion of entire tailpiece (CH3-CHS-P131-Y148del), lacks two free
cysteines of which 1 is mutated to serine (CH2-C86S) and the second (CH3-CHS-C147del) is deletion of the
tailpiece. In addition, three N-linked glycosylation sites have been removed by substituting critical amino
acids in 2 N-glycosylation motifs i.e., CH1-N45.2G and CH2-N114T-I115L-T116S and deletion of CH3-
CHS-N135Qdel by deletion of tailpiece.

[0070] FIG. 4D shows representation of an engineered IgA4.0 variant that contains all the features of the
IgA3.0min and further contains a mutation in the final N-linked glycosylation motif CH2-N15.2. Therefore,
IgA4.0 variant contains a stabilized heavy and light chain linkage (CH1-P124R mutation), deletion of entire
tailpiece (CH3-CHS-P131-Y 148del), lacks two free cysteines of which 1 is mutated to serine (CH2-C86S)
and the second (CH3-CHS-C147del) is deletion of the tailpiece. In addition, four N-linked glycosylation sites
have been removed by substituting critical amino acids in four N-glycosylation motifs (CH1-N45.2G; CH2-
N114T-I115L-T116S; CH3-CHS-N135Q; and one of CH2-N15.2G; CH2-N15.2Q; ;CH2-N15.2T; or CH2-
N15.2T-L15.3I-T16S). IgA4.0 variant is an aglycosylated IgA.

[0071] FIGs. 5A and 5B demonstrate yield of IgA3.0min antibody variants.

[0072] FIG. 5A shows concentration of anti-Her2 IgA antibody i.e., [gA2-Her2 as determined by ELISA on
supernatants of HEK293F cells transfected with different heavy chain (HC):light chain (LC):pAdvantage
ratios.

[0073] FIG. 5B shows concentration of anti-CD47 IgA3.0min antibody i.e., IgA3.0min antibody containing
anti-CD47 variable domains (IgA3.0min-C47A8-CQ) as determined by ELISA on supernatants of HEK293F
cells transfected with different heavy chain (HC):light chain (LC):pAdvantage ratios. The variable domains
are obtained from C47A8-CQ antibody.

[0074] FIGs. 6A-6C show comparison of antibody yield of IgA3.0min antibody variants in HEK293F cells
versus ExpiCHO-S cells as determined in ELISA.

[0075] FIG. 6A shows comparison of production rate in HEK293F cells versus ExpiCHO cells of anti-CD20
IgA3.0min-Obi antibody. IgA3.0min-Obi antibody contains IgA3.0min with Obinutuzumab (Obi) variable
domains.

[0076] FIG. 6B shows comparison of production rate in HEK293F cells versus ExpiCHO cells of anti-Her2
IgA3.0min-Her2 antibody. IgA3.0min-Her2 antibody contains IgA3.0min with anti-Her2 variable domains.
[0077] FIG. 6C shows comparison of production rate in HEK293F cells versus ExpiCHO cells of anti-
mCTLA4 IgA3.0min-mCTLA4 antibody. IgA3.0min-mCTLA4 contains IgA3.0min with anti-mCTLA4

variable domains.
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[0078] FIGs. 7A-7D demonstrate concentration of IgA3.0min antibody variants in ExpiCHO-S cells
transfected with different heavy chain (HC):light chain (LC):pAdvantage ratios.

[0079] FIG. 7A shows concentration of anti-GD2 IgA3.0min-ch14.18 antibody. IgA3.0min-ch14.18 antibody
contains IgA3.0min with ch14.18 variable domains.

[0080] FIG. 7B shows concentration of anti-gp75 IgA3.0min-TA99 antibody. IgA3.0min-TA99 antibody
contains IgA3.0min with TA99 variable domains.

[0081] FIG. 7C shows concentration of anti-Her2 IgA3.0min-Her2 antibody. IgA3.0min-Her2 antibody
contains IgA3.0min with anti-Her2 variable domains (anti-Her2 variable domains were derived from anti-
Her?2 antibody Trastuzumab).

[0082] FIG.7D shows concentration of anti-CD20 IgA3.0min-Obi antibody. IgA3.0min-Obi antibody
contains IgA3.0min with Obinutuzumab (Obi) variable domains.

[0083] FIGs. 8A-8D show production rate of IgA4.0 antibody variants in ExpiCHO-S cells transfected with
different heavy chain (HC):light chain (LC):pAdvantage ratios.

[0084] FIG. 8A shows production of anti-CD20 IgA4.0_NG-Obi variant. [gA4.0_NG-Obi variant contains
IgA4.0 with CH2-N15.2G mutation in glycosylation site and variable domains from Obi.

[0085] FIG. 8B shows production of anti-CD20 IgA4.0_NT-Obi variant. IgA4.0_NT-Obi variant contains
IgA4.0 with CH2-N15.2T mutation in glycosylation site and variable domains from Obi.

[0086] FIG. 8C shows production of anti-CD20 IgA4.0_NQ-Obi variant. [gA4.0_NQ-Obi variant contains
IgA4.0 with CH2-N15.2Q mutation in glycosylation site and variable domains from Obi

[0087] FIG. 8D shows production of anti-CD20 IgA4.0_NLT-TIS-Obi variant. IgA4.0_NLT-TIS-Obi variant
contains IgA4.0 with N15.2T-L15.31-T16S mutation in glycosylation site and variable domains from Obi.
[0088] FIG. 9A-9B show elution profiles of IgA3.0min-Obi using a KappaSelect column (GE Healthcare)
from supernatants from the producing cell lines ExpiCHO-S (FIG. 9A) and HEK293F (FIG.9B).

[0089] FIGs. 9C-9D show SEC separation profiles of IgA3.0min-Obi from the producing cell lines
ExpiCHO-S (FIG. 9C) and HEK293F (FIG. 9D), no aggregates are observed upon SEC separation.

[0090] FIGs. 10A-10B show elution profiles of IgA3.0min-Her2 using a KappaSelect column (GE
Healthcare) from supernatants from the producing cell lines ExpiCHO-S (FIG. 10A) and HEK293F
(FIG.10B).

[0091] FIGs. 10C-10D show SEC elution profiles of IgA3.0min-Her2 from the producing cell lines
ExpiCHO-S (FIG. 10C) and HEK293F (FIG. 10D), no aggregates are observed upon SEC.

[0092] FIG. 11A shows typical elution profiles of IgA4.0-Obi using a KappaSelect column (GE Healthcare)
from supernatants from the producing cell line ExpiCHO-S.

[0093] FIG. 11B shows SEC elution profile of IgA4.0-Obi from the producing cell line ExpiCHO-S, no

aggregates are observed upon SEC.
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[0094] FIGs. 12A-12E shows binding of IgA3.0+-Obi and IgA3.0min-Obi to CD20 positive Daudi cells by
flow cytometry.

[0095] FIG. 12A shows unstained CD20+Daudi cells control.

[0096] FIG. 12B shows Daudi cells stained with secondary antibody only negative control.

[0097] FIG. 12C shows stained with anti-CD20 IgA Obi (5ug/mL) positive control.

[0098] FIG. 12D shows Daudi cells stained with IgA3.0+-Obi (supernatant). FIG. 12E shows Daudi cells
stained with IgA3.0min-Obi (supernatant). FIGs. 12D-12E shows Daudi cells stained with supernatants from
HEK?293F cells transfected with IgA3.0min-Obi or IgA3.0+-Obi. Both variants IgA3.0+-Obi (FIG. 12D) and
IgA3.0min-Obi (FIG. 12E) bind to CD20 positive Daudi to the same extent as IgA Obi (FIG. 12C).

[0099] FIG. 13 shows the binding of the Fc-part to PMN by IgA3.0min-Obi as assessed by a PMN binding
assay. PMNs were added to ELISA plate wells coated with antibody in different concentrations. A series of
washing determines the binding strength of the Fc par to PMN of IgA3.0min-Obi and IgA2. After the 6th
wash binding is plotted. IgA3.0min-Obi shows equal to better binding to PMNSs as compared to wild type
IgA2.

[0100] FIG. 14 shows equal coating concentrations of IgA3.0min compared to wild type IgA2.

[0101] FIG. 15 shows binding analysis of IgA4.0 variants. Supernatants from ExpiCHO-S cells transfected
with IgA4.0 variants; IgA4.0_NT-Obi, [gA4.0_NQ-Obi, IgA4.0_NG-Obi, and IgA4.0_NLT-TIS-Obi, were
assessed for binding on CD20 expressing SKBR3 cells. All variants of IgA4.0-Obi bind to SKBR3-CD20 to
the same extent as supernatant from ExpiCHO-S cells transfected with IgA3.0min-Obi or purified IgA3.0min-
Obi.

[0102] FIGs. 16A-16D shows IgA variants induce PMN-mediated ADCC against target cells.

[0103] FIG. 16A shows IgA3.0min-Her?2 antibody induces ADCC to a similar or better extent than IgA2-
Her2 of SKBR3 cells as determined by chromium release assay.

[0104] FIGs. 16B-16C show IgA3.0min-Obi antibody produced by HEK293F cells or ExpiCHO-S cells
induce similar level of ADCC of Ramos cells (FIG. 16B) and Daudi cells (FIG. 16C) as assessed by
chromium release assay.

[0105] FIG. 16D shows induction of ADCC by IgA variants against Daudi cells. Purified IgA3.0min-Obi,
supernatant from cells transfected with IgA3.0min-Obi, IgA4.0_NG-Obi, IgA4.0_NQ-Obi, IgA4.0_NT-Obi,
and IgA4.0_NLT-TIS-Obi show increased ADCC compared to purified IgG1-Obi. IgA4.0-obi variants;
IgA4.0_NG-Obi, IgA4.0_NQ-Obi, IgA4.0_NT-Obi, and IgA4.0_NLT-TIS-Obi show similar levels of ADCC
induction compared to Purified IgA3.0min-Obi, supernatant from cells transfected with IgA-3.0min-Obi.
[0106] FIGs. 17A-17C show thermostability of IgA variants. Using a SYPRO Orange thermal shift assay the
thermostability of IgA3.0min and IgA4.0 has been determined. FIG. 17A demonstrates the engineered
IgA3.0min variants; IgA3.0min with Obi variable domains and IgA3.0min with 2.3D11 variable domains
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showed increased thermostability compared to wild type IgA2(ml), i.e., IgA2 with ch14.18 variable domains
and IgA2 with Her2 variable domains.

[0107] FIG. 17A also demonstrates the engineered IgA4.0min variants; [gA4.0 NQ, IgA4.0 NT, IgA4.0
NLT-TIS, and IgA4.0 NG all with Obi variable domains showed increased thermostability compared to wild
type IgA2(ml), i.e., I[gA2 with ch14.18 variable domains and IgA2 with Her2 variable domains. The
increased thermostability of engineered IgA3.0min variants and engineered IgA4.0 variants relative wild type
IgA2(ml) is indicated by the shift to the higher temperatures.

[0108] FIG. 17B shows a plot of average Tm values of analysed engineered IgA3.0min variants and
engineered IgA4.0 variants relative to wild type IgA2(m1). The plot shows engineered IgA3.0min variants
and engineered IgA4.0 variants are more thermostable compared to wild type IgA2.

[0109] FIG. 17C shows antibodies exposed to increasing temperatures tested for their functionality in a
PMN-ADCC against CD20 expressing Raji cells. Wild type IgA2(m1) shows a decremental efficacy from
47°C on, while both IgA3.0min-Obi and IgA4.0_NT-Obi are still effective. At 71°C both IgA3.0min-Obi as
well as IgA4.0_NT-Obi give more than 50% killing efficacy while IgA2(m1) is dysfunctional at this
temperature.

[0110] FIG. 18 shows effects of deglycosylation of engineered IgA3.0min variants and engineered IgA4.0
variant compared to wild type IgA2 by PNGase F treatment. Wild type IgA2; IgA2(m1)-UMAB10 shows the
largest shift, whereas engineered IgA3.0min variant; IgA3.0min-Obi shows a minor shift indicating reduced
glycosylation compared to wild type IgA2. Engineered IgA4.0 variant; IgA4.0_NG-Obi does not show a shift
indicating reduced glycosylation compared to engineered IgA3.0min variant and wild type IgA2.

[0111] FIGs.19A-19G show total glycosylation profile of wild type IgA2 and engineered IgA variants as
determined with MALDI-TOF-MS.

[0112] FIG. 19A shows total glycosylation profile of HEK293 cells produced wild type IgA2; IgA2-Her2.
[0113] FIG. 19B shows total glycosylation profile of HEK293 cells produced engineered IgA3.0min variant;
IgA3.0min-Her2. The profile shows all signals from a single glycosylation site present in engineered
IgA3.0min variant.

[0114] FIG. 19C shows glycosylation site specific analysis of engineered IgA3.0min variant; IgA3.0min-Obi
produced in HEK293F and ExpiCHO-S. IgA3.0min-Obi produced in ExpiCHO-S shows less free galactoses
implying to be less susceptible to ASGPR-dependent clearance in the liver.

[0115] FIGs. 19D-19G show native MS analysis of four IgA4.0 variants; IgA4.0_NG-Obi (FIG.19D),
IgA4.0_NQ-Obi (FIG. 19E), IgA4.0_NT-Obi (FIG. 19F), and IgA4.0_NLT-TIS-Obi (FIG.19G) Large plot
displays broad mass range of antibody, inset zooms in on highest peak. Observed mass is virtually equal to
theoretical mass, excluding presence of bulky N-glycans, indicating absence of glycosylation in IgA4.0

variants.
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[0116] FIGs. 20A-20B show pharmacokinetics and pharmacodistribution analysis of engineered IgA
variants. An amount of 100 pg of wild-type-IgG1-dinutuximab, wild type-IgA2-dinutuximab and IgA3.0min-
dinutuximab, IgA3.0min-Obinutuzumab, IgA4.0-Obinutuzumab were injected into BALB/c mice and blood
was analysed at indicated time points by ELISA.

[0117] FIG. 20A shows that IgA3.0min variant; IgA3.0min-dinutuximab showed extended half-life as
compared to its wild type IgA2 counterpart.

[0118] FIG. 20B shows comparison between IgA3.0min and IgA4.0 in an Obinituzumab format. Engineered
IgA4.0 variant; IgA4.0-obinutuzumab showed a better half-life profile than engineered IgA3.0min variant;
IgA3.0min-Obinutuzumab. Obinutuzumab IgA4.0 can still be detected after 120 hours.

[0119] FIGs. 21A-21B shows biodistribution of IgG1 dinutuximab and engineered IgA3.0min variant,
IgA3.0min dinutuximab that contains variable domains from dinutuximab. Indium-111 radiolabeled IgG1
dinutuximab and engineered IgA3.0min variant, IgA3.0min dinutuximab were i.v. injected into mice for
biodistribution analysis. Mice were monitored to trace antibody distribution after 24 hours (FIG. 21A) and
after 48 hours (FIG. 21B). A clear infiltration of both IgG1 and engineered IgA3.0min variants to the tumor is
observed.

[0120] FIG. 22 shows quantification of the distribution of radiolabeled of IgG1 dinutuximab and engineered
IgA3.0min variant, IgA3.0min dinutuximab distribution in mice from FIGs. 21A-21B. The ratio of tumor
signal to liver signal has been determined to adjust for background signals. Plot shows engineered IgA3.0min
variant, IgA3.0min dinutuximab showed increased tumor/liver ratio compared to the IgG1 dinutuximab.
[0121] FIG. 23 shows inhibition of tumor growth in an established tumor model upon administration of
engineered IgA3.0min variant; IgA3.0min-Her2. A431-Luc2-Her2 cells were injected intraperitoneally on day
0 in hCD89 Transgenic or non-transgenic SCID mice followed by a subcutaneous pegG-CSF injection on day
6. Bioluminescence signal was measured from day 6 onwards and mice were randomized into different
treatment groups on this day, and significant signal was measured. Treatment started on day 7 with daily
intraperitoneal injections of 10ug IgA3.0min-Her2 for 10 days. Bioluminescence signal was measured on the

indicated time points.
DETAILED DESCRIPTION OF THE DISCLOSURE

[0122] The following description and examples illustrate embodiments of the present disclosure in detail. It
is to be understood that this disclosure is not limited to the particular embodiments described herein and as
such can vary. Those of skill in the art will recognize that there are numerous variations and modifications of

this disclosure, which are encompassed within its scope.
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[0123] All terms are intended to be understood as they would be understood by a person skilled in the art.
Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the disclosure pertains.

[0124] The section headings used herein are for organizational purposes only and are not to be construed as
limiting the subject matter described.

[0125] Although various features of the present disclosure may be described in the context of a single
embodiment, the features can also be provided separately or in any suitable combination. Conversely,
although the present disclosure may be described herein in the context of separate embodiments for clarity,

the present disclosure can also be implemented in a single embodiment.

Definitions

[0126] The following definitions supplement those in the art and are directed to the current application and
are not to be imputed to any related or unrelated case, e.g., to any commonly owned patent or application.
Although any methods and materials similar or equivalent to those described herein can be used in the
practice for testing of the present disclosure, the preferred materials and methods are described herein.
Accordingly, the terminology used herein is for the purpose of describing particular embodiments only, and is
not intended to be limiting.

[0127] In this application, the use of the singular includes the plural unless specifically stated otherwise. It
must be noted that, as used in the specification, the singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise. In this application, the use of “or” means “and/or” unless stated

otherwise. Furthermore, use of the term “including” as well as other forms, such as “include”, “includes,” and

“included,” is not limiting.

ELI?3 s

[0128] Reference in the specification to “some embodiments,” “an embodiment,” “one embodiment” or
“other embodiments” means that a particular feature, structure, or characteristic described in connection with
the embodiments is included in at least some embodiments, but not necessarily all embodiments, of the
present disclosure.

[0129] As used in this specification and claim(s), the words “comprising” (and any form of comprising, such
as “comprise” and “comprises”), “having” (and any form of having, such as “have” and “has”), “including”
(and any form of including, such as “includes” and “include’) or “containing” (and any form of containing,
such as “contains” and “contain”) are inclusive or open-ended and do not exclude additional, un-recited
elements or method steps. It is contemplated that any embodiment discussed in this specification can be
implemented with respect to any method or composition of the present disclosure, and vice versa.

Furthermore, compositions of the present disclosure can be used to achieve methods of the present disclosure.
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[0130] The term “about” or “approximately” means within an acceptable error range for the particular value
as determined by one of ordinary skill in the art, which will depend in part on how the value is measured or
determined, i.e., the limitations of the measurement system. For example, “about” can mean within 1 or more
than 1 standard deviation, per the practice in the art. Alternatively, “about” can mean a range of up to 20%, up
to 10%, up to 5%, or up to 1% of a given value. In another example, the amount “about 10" includes 10 and
any amounts from 9 to 11.

[0131] In yet another example, the term “about” in relation to a reference numerical value can also include a
range of values plus or minus 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% from that value. Alternatively,
particularly with respect to biological systems or processes, the term “about” can mean within an order of
magnitude, preferably within 5-fold, and more preferably within 2-fold, of a value. Where particular values
are described in the application and claims, unless otherwise stated the term “about” meaning within an
acceptable error range for the particular value should be assumed.

[0132] As used herein, the term “antibody” refers to an immunoglobulin (Ig) whether natural or partly or
wholly synthetically produced. The term also covers any polypeptide or protein having a binding domain
which is, or is homologous to, an antigen-binding domain. The term further includes “antigen-binding
fragments” or “functional fragment thereof”, or “fragment of an antibody”, “antibody fragment”, “functional
fragment of an antibody” and other interchangeable terms for similar binding fragments such as described
below.

[0133] An antibody includes, for example, monoclonal antibodies, chimeric antibodies, humanized
antibodies, human antibodies, recombinant antibodies, chemically engineered antibodies, deimmunized
antibodies, affinity-matured antibodies, multispecific antibodies (for example, bispecific antibodies and
polyreactive antibodies), heteroconjugate antibodies, antibody fragments, and combinations thereof (e.g., a
monoclonal antibody that is also deimmunized, a humanized antibody that is also deimmunized, etc.).

[0134] An antibody can be, for example, murine, chimeric, humanized, heteroconjugate, bispecific, diabody,
triabody, or tetrabody. The antigen binding fragment can include, for example, Fab’, F(ab’)2, Fab, Fv, rlgG,
scFv, hcAbs (heavy chain antibodies), a single domain antibody, VHH, VNAR, sdAbs, or nanobody.

[0135] The term “monoclonal antibodies,” as used herein, refers to antibodies that are produced by a single
clone of B-cells and bind to the same epitope. In contrast, “polyclonal antibodies” refer to a population of
antibodies that are produced by different B-cells and bind to different epitopes of the same antigen. A whole
antibody typically consists of four polypeptides: two identical copies of a heavy (H) chain polypeptide and
two identical copies of a light (L) chain polypeptide. Each of the heavy chains contains one N-terminal
variable (VH) region and three C-terminal constant (CH1, CH2 and CH3) regions, and each light chain
contains one N-terminal variable (VL) region and one C- terminal constant (CL) region. The variable regions

of each pair of light and heavy chains form the antigen binding site of an antibody. The VH and VL regions
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have a similar general structure, with each region comprising four framework regions, whose sequences are
relatively conserved. The framework regions are connected by three complementarity determining regions
(CDRs). The three CDRs, known as CDR1, CDR2, and CDR3, form the “hypervariable region” of an
antibody, which is responsible for antigen binding.

[0136] As used herein a “chimeric antibody” is an antibody that comprises an amino acid sequence derived
from two different species or, or two different sources, and includes synthetic molecules. By way of non-
limiting example, an antibody that comprises a non-human CDR and a human variable region framework or
constant or Fc region, an antibody with binding domains from two different monoclonal antibodies, or an
antibody comprising a mutation of one or more amino acid residues to increase or decrease biological activity
or binding of a part of the antibody. In certain embodiments, recombinant antibodies are produced from a
recombinant DNA molecule or synthesized. In certain embodiments, the antibodies described herein are a
polypeptide(s) encoded by one or more polynucleotides.

[0137] As used herein, “recognize” refers to the association or binding between an antigen binding domain
and an antigen. As used herein, an “antigen” refers to an antigenic substance that can trigger an immune
response in a host. An antigenic substance can be a molecule, such as a costimulatory molecule that can
trigger an immune response in a host.

[0138] As used herein, an “antibody construct” refers to a construct that contains an antigen binding domain
and an Fc domain.

[0139] As used herein, a “binding domain” refers to an antibody or non-antibody domain.

[0140] As used herein, an “antigen binding domain” refers to a binding domain from an antibody or from a
non-antibody that can bind to an antigen. An antigen binding domain can be a tumor antigen binding domain
or a binding domain that can bind to an antigen (such as a molecule) on an antigen presenting cell. Antigen
binding domains can be numbered when there is more than one antigen binding domain in a given conjugate
or antibody construct (e.g., first antigen binding domain, second antigen binding domain, third antigen
binding domain, etc.). Different antigen binding domains in the same conjugate or construct can target the
same antigen or different antigens (e.g., first antigen binding domain that can bind to a tumor antigen, second
antigen binding domain that can bind to a molecule on an antigen presenting cell (APC antigen), and third
antigen binding domain that can bind to an APC antigen). The term "antigen binding domain" refers to a
fragment of an antibody that comprises the area which specifically binds to an epitope, and is complementary
to part or all of an antigen. An antigen binding domain may be provided by, for example, one or more
antibody variable domains (also called antibody variable regions). Particularly, an antigen binding domain
comprises an antibody light chain variable region (VL) and an antibody heavy chain variable region (VH).
[0141] As used herein, the term “antigen” means a molecule or portion of a molecule that can react with a

recognition site on an antibody. The term “antigen” also includes a molecule or a portion of a molecule that
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can, either by itself or in conjunction with an adjuvant or carrier, elicit an immune response (also called an
“immunogen”). The term “antigen” as used herein includes molecules or portions of molecules (epitopes) that
can elicit production of antibodies or that can bind to antibodies. The term includes materials that react
strongly and with high specificity, and also includes materials that react weakly and/or with low affinity to an
antibody.

[0142] The term "epitope,” as used herein, refers to an antigenic determinant that interacts with a specific
antigen binding site in the variable region of an antibody molecule known as a paratope. A single antigen may
have more than one epitope. Thus, different antibodies may bind to different areas on an antigen and may
have different biological effects. Epitopes may be either conformational or linear. A conformational epitope is
produced by spatially juxtaposed amino acids from different segments of the linear polypeptide chain. A
linear epitope is one produced by adjacent amino acid residues in a polypeptide chain. In certain
circumstance, an epitope may include moieties of saccharides, phosphoryl groups, or sulfonyl groups on the
antigen. Various techniques known to persons of ordinary skill in the art can be used to determine whether an
antigen-binding domain of an antibody "interacts with one or more amino acids" within a polypeptide or
protein. Exemplary techniques include, e.g., routine cross-blocking assay such as that described Antibodies,
Harlow and Lane (Cold Spring Harbor Press, Cold Spring Harb., NY), alanine scanning mutational analysis,
peptide blots analysis (Reineke, 2004, Methods Mol Biol 248:443-463), and peptide cleavage analysis. In
addition, methods such as epitope excision, epitope extraction and chemical modification of antigens can be
employed (Tomer, 2000, Protein Science 9:487-496). Another method that can be used to identify the amino
acids within a polypeptide with which an antigen-binding domain of an antibody interacts is
hydrogen/deuterium exchange detected by mass spectrometry. In general terms, the hydrogen/deuterium
exchange method involves deuterium-labeling the protein of interest, followed by binding the antibody to the
deuterium-labeled protein. Next, the protein/antibody complex is transferred to water to allow hydrogen-
deuterium exchange to occur at all residues except for the residues protected by the antibody (which remain
deuterium-labeled). After dissociation of the antibody, the target protein is subjected to protease cleavage and
mass spectrometry analysis, thereby revealing the deuterium-labeled residues, which correspond to the
specific amino acids with which the antibody interacts. See, e.g., Ehring (1999) Analytical Biochemistry
267(2):252-259; Engen and Smith (2001) Anal. Chem. 73:256A-265A. X-ray crystallography of the
antigen/antibody complex may also be used for epitope mapping purposes.

[0143] As used herein, an “antibody antigen binding domain” refers to a binding domain from an antibody
that can bind to an antigen.

[0144] As used herein, an “Fc domain” refers to an Fc domain from an antibody or from a non- antibody that
can bind to an Fc receptor. As used herein, an “Fc domain” and an “Fc comprising domain” can be used

interchangeably.
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[0145] As used herein, a “target binding domain” refers to a construct that contains an antigen binding
domain from an antibody or from a non-antibody that can bind to an antigen.

[0146] As used herein, the abbreviations for the natural 1- enantiomeric amino acids are conventional and
can be as follows: alanine (A, Ala); arginine (R, Arg); asparagine (N, Asn); aspartic acid (D, Asp); cysteine
(C, Cys); glutamic acid (E, Glu); glutamine (Q, Gin); glycine (G, Gly); histidine (H, His); isoleucine (I, He);
leucine (L, Leu); lysine (K, Lys); methionine (M, Met); phenylalanine (F, Phe); proline (P, Pro); serine (S,
Ser); threonine (T, Thr); tryptophan (W, Trp); tyrosine (Y, Tyr); valine (V, Val). Unless otherwise specified,
X can indicate any amino acid. In some aspects, X can be asparagine (N), glutamine (Q), histidine (H), lysine
(K), or arginine (R).

[0147] The phrase “pharmaceutically acceptable” is employed herein to refer to those compounds, materials,
compositions, and/or dosage forms which are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of human beings and animals without excessive toxicity, irritation, allergic response,
or other problem or complication, commensurate with a reasonable benefit/risk ratio.

[0148] The phrase “pharmaceutically acceptable excipient” or “pharmaceutically acceptable carrier” as used
herein means a pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, solvent or encapsulating material. Each carrier must be “acceptable” in the sense of being
compatible with the other ingredients of the formulation and not injurious to the patient. Some examples of
materials which can serve as pharmaceutically acceptable carriers include: (1) sugars, such as lactose, glucose
and sucrose; (2) starches, such as corn starch and potato starch; (3) cellulose, and its derivatives, such as
sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6)
gelatin; (7) talc; (8) excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil,
cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; (10) glycols, such as propylene
glycol; (11) polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl
oleate and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen- free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl
alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible substances employed in

pharmaceutical formulations.

ELNT3 9

[0149] The terms “cancer,” “tumor,” “proliferative disease,” “malignancy,” or “malignant disease” relate to
the physiological condition in mammals characterized by deregulated cell growth. Cancer is a class of
diseases in which a group of cells display uncontrolled growth or unwanted growth. Cancer cells can also
spread to other locations, which can lead to the formation of metastases. Spreading of cancer cells in the body
can, for example, occur via lymph or blood. Uncontrolled growth, intrusion and metastasis formation are also
termed malignant properties of cancers. These malignant properties differentiate cancers from benign tumors,

which typically do not invade or metastasize.
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[0150] “Antigen recognition moiety” or “antibody recognition domain” refers to a molecule or portion of a
molecule that specifically binds to an antigen. In one embodiment, the antigen recognition moiety is an
antibody, antibody like molecule or fragment thereof and the antigen is a tumor antigen or an infectious
disease antigen.

[0151] The terms “fragment of an antibody,” “antibody fragment,” “functional fragment of an antibody,”
“antigen-binding portion” or their grammatical equivalents are used interchangeably herein to mean one or
more fragments or portions of an antibody that retain the ability to specifically bind to an antigen (see,
generally, Holliger et al., Nat. Biotech., 23(9):1126-1129 (2005)). The antibody fragment desirably
comprises, for example, one or more CDRs, the variable region (or portions thereof), the constant region (or
portions thereof), or combinations thereof. Examples of antibody fragments include, but are not limited to, (i)
a Fab fragment, which is a monovalent fragment consisting of the VL, VH, CL, and CH1 domains; (ii) a
F(ab’)2 fragment, which is a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at
the stalk region; (iii) a Fv fragment consisting of the VL and VH domains of a single arm of an antibody; (iv)
a single chain Fv (scFv), which is a monovalent molecule consisting of the two domains of the Fv fragment
(i.e., VL and VH) joined by a synthetic linker which enables the two domains to be synthesized as a single
polypeptide chain (see, e.g., Bird et al., Science, 242: 423-426 (1988); Huston et al., Proc. Natl. Acad. Sci.
USA, 85: 5879-5883 (1988); and Osbourn et al., Nat. Biotechnol., 16: 778 (1998)) and (v) a diabody, which is
a dimer of polypeptide chains, wherein each polypeptide chain comprises a VH connected to a VL by a
peptide linker that is too short to allow pairing between the VH and VL on the same polypeptide chain,
thereby driving the pairing between the complementary domains on different VH-VL polypeptide chains to
generate a dimeric molecule having two functional antigen binding sites. Antibody fragments are known in
the art and are described in more detail in, e.g., U.S. Pat. No. 8,603,950. Other antibody fragments can include
variable fragments of heavy chain antibodies (VHH).

[0152] The term “conservative amino acid substitution” or “conservative mutation” refers to the replacement
of one amino acid by another amino acid with a common property. A functional way to define common
properties between individual amino acids is to analyze the normalized frequencies of amino acid changes
between corresponding proteins of homologous organisms (Schulz, G. E. and Schirmer, R. H., Principles of
Protein Structure, Springer-Verlag, New York (1979)). According to such analyses, groups of amino acids
may be defined where amino acids within a group exchange preferentially with each other, and therefore
resemble each other most in their impact on the overall protein structure (Schulz, G. E. and Schirmer, R. H.,
supra). Examples of conservative mutations include amino acid substitutions of amino acids within the sub-
groups above, for example, lysine for arginine and vice versa such that a positive charge may be maintained;
glutamic acid for aspartic acid and vice versa such that a negative charge may be maintained; serine for

threonine such that a free -OH can be maintained; and glutamine for asparagine such that a free -NH2 can be
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maintained. Alternatively or additionally, the therapeutic IgA antibodies can comprise the amino acid
sequence of the reference protein with at least one non-conservative amino acid substitution.

[0153] The terms “non-conservative mutation” or “non-conservative amino acid substitution” involve amino
acid substitutions between different groups, for example, lysine for tryptophan, or phenylalanine for serine,
etc. In this case, it is preferable for the non-conservative amino acid substitution to not interfere with, or
inhibit the biological activity of the therapeutic IgA antibody. The non-conservative amino acid substitution
may enhance the biological activity of the therapeutic IgA antibody, such that the biological activity of the
therapeutic IgA antibody is increased as compared to the wild type therapeutic IgA antibody.

[0154] As used herein, “humanized” antibodies refer to forms of non-human (e.g. murine) antibodies that are
specific chimeric immunoglobulins, immunoglobulin chains, or fragments thereof (such as Fv, Fab, Fab’,
F(ab)2 or other antigen-binding subsequences of antibodies) that contain minimal sequence derived from
non-human immunoglobulin. For the most part, humanized antibodies are human immunoglobulins (recipient
antibody) in which residues from a complementary determining region (CDR) of the recipient are replaced by
residues from a CDR of a non-human species (donor antibody) such as mouse, rat, or rabbit having the
desired specificity, affinity, and capacity. In some instances, Fv framework region (FR) residues of the human
immunoglobulin are replaced by corresponding non-human residues. Furthermore, the humanized antibody
may comprise residues that are found neither in the recipient antibody nor in the imported CDR or framework
sequences but are included to further refine and optimize antibody performance. In general, the humanized
antibody will comprise substantially all of at least one, and typically two, variable domains, in which all or
substantially all of the CDR regions correspond to those of a non-human immunoglobulin and all or
substantially all of the FR regions are those of a human immunoglobulin consensus sequence. The humanized
antibody optimally also will comprise at least a portion of an immunoglobulin constant region or domain (Fc),
typically that of a human immunoglobulin. Other forms of humanized antibodies have one or more CDRs
(one, two, three, four, five, six) which are altered with respect to the original antibody, which are also termed
one or more CDRs “derived from” one or more CDRs from the original antibody.

[0155] As used herein, an "isolated antibody" is one that has been separated and/or recovered from a
component of its natural environment. Contaminant components of its natural environment are materials that
would interfere with diagnostic or therapeutic uses of the antibody, and may include enzymes, hormones, and
other proteinaceous or non-proteinaceous components. In preferred embodiments, the antibody is purified: (1)
to greater than 95% by weight of antibody as determined by the Lowry method, and most preferably more
than 99% by weight; (2) to a degree sufficient to obtain at least 15 residues of N-terminal or internal amino
acid sequence by use of a spinning cup sequenator; or (3) to homogeneity as shown by SDS-PAGE under
reducing or non-reducing conditions and using Coomassie blue or, preferably, silver staining. Isolated

antibody includes the antibody in situ within recombinant cells since at least one component of the antibody's
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natural environment will not be present. Ordinarily, however, isolated antibody will be prepared by at least
one purification step.

[0156] By “substantially purified” is meant that the antibody, or the functional fragment thereof is
substantially free of cellular material or other contaminating proteins from the cell or tissue source from
which it is derived, or is substantially free from chemical precursors or other chemicals when chemically
synthesized. The language includes preparations of an antibody, which is separated from cellular components
of the cells from which it is isolated or recombinantly produced. Thus, an antibody, that is substantially free
of cellular material includes preparations having less than about 30%, 20%, 10% or 5% (by dry weight) of
contaminating protein and culture medium. In some embodiments, the antibody can be purified by
chromatography, for example, size exclusion chromatography or ion exchange chromatography.

[0157] As used herein, the term "Complementarity Determining Regions" (CDRs, i.e., CDR1, CDR2, and
CDR3) refers to the amino acid residues of an antibody variable domain the presence of which are necessary
for antigen binding. Each variable domain typically has three CDR regions identified as CDR1, CDR2 and
CDR3. The CDRs of variable heavy chain can be CDR-H1, CDR-H2 and CDR-H3. The CDRs of variable
light chain can be CDR-L1, CDR-L2 and CDR-L3. Exemplary hypervariable loops occur at amino acid
residues 26-32 (L1), 50-52 (L2), 91-96 (L3), 26-32 (H1), 53-55 (H2), and 96-101 (H3). (Chothia and Lesk, J.
Mol. Biol. 196:901-917 (1987)). Exemplary CDRs (CDR-L1, CDR-L2, CDR-L3, CDR-H1, CDR-H2, and
CDR-H3) occur at amino acid residues 24-34 of LL1, 50-56 of L2, 89-97 of L3, 31-35B of H1, 50-65 of H2,
and 95-102 of H3 (Kabat et al., Sequences of Proteins of Immunological Interest, Sth ed. (1991)). Thus, the
HVs may be comprised within the corresponding CDRs and references herein to the "hypervariable loops" of
VH and VL domains should be interpreted as also encompassing the corresponding CDRs, and vice versa,
unless otherwise indicated. The more highly conserved regions of variable domains are called the framework
region (FR), as defined below. The variable domains of native heavy and light chains each comprise four FRs
(FR1, FR2, FR3 and FR4, respectively), largely adopting a [beta]-sheet configuration, connected by the three
hypervariable loops. The hypervariable loops in each chain are held together in close proximity by the FRs
and, with the hypervariable loops from the other chain, contribute to the formation of the antigen-binding site
of antibodies. Structural analysis of antibodies revealed the relationship between the sequence and the shape
of the binding site formed by the complementarity determining regions (Chothia et al., J. Mol. Biol. 227: 799-
817 (1992)); Tramontano et al., J. Mol. Biol, 215: 175-182 (1990)). Despite their high sequence variability,
five of the six loops adopt just a small repertoire of main-chain conformations, called "canonical structures”.
These conformations are first of all determined by the length of the loops and secondly by the presence of key
residues at certain positions in the loops and in the framework regions that determine the conformation

through their packing, hydrogen bonding or the ability to assume unusual main-chain conformations.
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[0158] A “variable region” of an antibody refers to the variable region of the antibody light chain or the
variable region of the antibody heavy chain, either alone or in combination. The variable regions of the heavy
and light chain each consist of four framework regions (FR) connected by three complementarity determining
regions (CDRs) also known as hypervariable regions. The CDRs in each chain are held together in close
proximity by the FRs and, with the CDRs from the other chain, contribute to the formation of the antigen-
binding site of antibodies. There are at least two techniques for determining CDRs: (1) an approach based on
cross-species sequence variability (i.e., Kabat et al. Sequences of Proteins of Immunological Interest, (5th ed.,
1991, National Institutes of Health, Bethesda Md.)); and (2) an approach based on crystallographic studies of
antigen-antibody complexes (Allazikani et al (1997) J. Molec. Biol. 273:927-948)). A CDR may refer to
CDRs defined by either approach or by a combination of both approaches.

[0159] A “constant region” of an antibody refers to the constant region of the antibody light chain, i.e, a light
chain constant region or the constant region of the antibody heavy chain, i.e., a heavy chain constant region
either alone or in combination. The constant region does not vary with respect to antigen specificity.

[0160] As used herein, the term "heavy chain region” includes amino acid sequences derived from the
constant domains of an immunoglobulin heavy chain. A polypeptide comprising a heavy chain region
comprises at least one of: a CH1 domain, a hinge (e.g., upper, middle, and/or lower hinge region) domain, a
CH2 domain, a CH3 domain, or a variant or fragment thereof. In an embodiment, an antibody or an antigen-
binding fragment thereof may comprise the Fc region of an immunoglobulin heavy chain (e.g., a hinge
portion, a CH2 domain, and a CH3 domain). In another embodiment, an antibody or an antigen-binding
fragment thereof lacks at least a region of a constant domain (e.g., all or part of a CH2 domain). In certain
embodiments, at least one, and preferably all, of the constant domains are derived from a human
immunoglobulin heavy chain. For example, in one preferred embodiment, the heavy chain region comprises a
fully human hinge domain. In other preferred embodiments, the heavy chain region comprising a fully human
Fc region (e.g., hinge, CH2 and CH3 domain sequences from a human immunoglobulin). In certain
embodiments, the constituent constant domains of the heavy chain region are from different immunoglobulin
molecules. For example, a heavy chain region of a polypeptide may comprise a domain derived from an IgA
molecule and a hinge region derived from an IgA1 or IgA2 molecule. In other embodiments, the constant
domains are chimeric domains comprising regions of different immunoglobulin molecules. For example, a
hinge may comprise a first region from an IgA1 molecule and a second region from an IgA2 molecule. As set
forth above, it will be understood by one of ordinary skill in the art that the constant domains of the heavy
chain region may be modified such that they vary in amino acid sequence from the naturally occurring (wild-
type) immunoglobulin molecule. That is, the polypeptides of the invention disclosed herein may comprise
alterations or modifications to one or more of the heavy chain constant domains (CH1, hinge, CH2 or CH3)

and/or to the light chain constant domain (CL). Exemplary modifications include additions, deletions or
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substitutions of one or more amino acids in one or more domains. In some embodiments, the modifications
are selected from modifications in Table 2.

[0161] The antibodies or antigen-binding fragment thereof of the present disclosure can comprise a CDR3
region that is a length of at least about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, or 30 amino acids in length. The antibodies or antigen-binding fragment thereof of the present disclosure
can comprise a CDR3 region that is at least about 18 amino acids in length.

[0162] As used herein, the term "hinge region" includes the region of a heavy chain molecule that joins the
CH1 domain to the CH2 domain. The hinge region can comprise approximately 25 residues and is flexible,
thus allowing the two N-terminal antigen binding regions to move independently. Hinge regions can be
subdivided into three distinct domains: upper, middle, and lower hinge domains (Roux et al. J. Immunol. 1998
161:4083).

[0163] As used herein, the term "Fv" is the minimum antibody fragment that contains a complete antigen-
recognition and -binding site. This fragment consists of a dimer of one heavy- and one light-chain variable
region domain in tight, non-covalent association.

[0164] From the folding of these two domains emanate six hypervariable loops (three loops each from the H
and L chain) that contribute the amino acid residues for antigen binding and confer antigen binding specificity
to the antibody. However, even a single variable domain (or half of an Fv comprising only three CDRs
specific for an antigen) has the ability to recognize and bind antigen, although at a lower affinity than the
entire binding site.

[0165] “Heavy chain variable region” or “VH” with regard to an antibody refers to the fragment of the heavy
chain that contains three CDRs interposed between flanking stretches known as framework regions, these
framework regions are generally more highly conserved than the CDRs and form a scaffold to support the
CDRs.

[0166] “light chain variable region” or “VL” with regard to an antibody refers to the fragment of the light
heavy chain that contains three CDRs interposed between flanking stretches known as framework regions,
these framework regions are generally more highly conserved than the CDRs and form a scaffold to support
the CDRs.

[0167] Six hypervariable loops (three loops each from the Heavy and Light chain) contribute the amino acid
residues for antigen-binding and confer antigen-binding specificity to the antibody. However, even a single
variable domain (or half of an Fv comprising only three CDRs specific for an antigen) has the ability to
recognize and bind antigen, although at a lower affinity than the entire binding site.

[0168] "Framework" or FR residues are those variable domain residues other than the hypervariable region

residues.
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[0169] It is understood in the art that an antibody is a glycoprotein having at least two heavy (H) chains and
two light (L) chains interconnected by disulfide bonds, or an antigen-binding portion thereof. A heavy chain
is comprised of a heavy chain variable region (VH) and a heavy chain constant region (CH1, CH2 and CH3).
A light chain is comprised of a light chain variable region (VL) and a light chain constant region (CL). The
variable regions of both the heavy and light chains comprise framework regions (FRs or FWRs) and
hypervariable regions (HVRs). The HVRs are the amino acid residues of an antibody that are responsible for
antigen binding. The hypervariable region generally comprises amino acid residues from a complementarity
determining region (CDR), which have the highest sequence variability and/or involved in antigen
recognition. With the exception of CDR1 in VH, CDRs generally comprise the amino acid residues that form
the hypervariable loops. CDRs also comprise “specificity determining residues,” or “SDRs,” which are
residues that contact antigen. SDRs are contained within regions of the CDRs called abbreviated-CDRs, or a-
CDRs. Exemplary a-CDRs (a-CDR-L1, a-CDR-L2, a-CDR-L3, a-CDR-H1, a-CDR-H2, and a-CDR-H3)
occur at amino acid residues 31-34 of L1, 50-55 of L2, 89-96 of L3, 31-35B of H1, 50-58 of H2, and 95-102
of H3. (See, e.g., Fransson, Front. Biosci. 13:1619-1633 (2008))

[0170] Unless otherwise indicated, HVR residues and other residues in the variable domain (e.g., FR
residues) are numbered herein according to Kabat et al., supra. A variable region is a domain of an antibody
heavy or light chain that is involved in binding the antibody to antigen. (See, e.g., Kindt et al. Kuby
Immunology, 6th ed., W.H. Freeman and Co., p.91 (2007)). A single VH or VL domain may be sufficient to
confer antigen-binding specificity. Furthermore, antibodies that bind a particular antigen may be isolated
using a VH or VL domain from an antibody that binds the antigen to screen a library of complementary VL or
VH domains, respectively. (See, e.g., Portolano et al., J. Immunol. 150:880-887 (1993); Clarkson et al.,
Nature 352:624-628 (1991)). The four FWR regions are typically more conserved while CDR regions (CDR1,
CDR2 and CDR3) represent hypervariable regions and are arranged from NH2 terminus to the COOH
terminus as follows: FWR1, CDR1, FWR2, CDR2, FWR3, CDR3, and FWR4. The variable regions of the
heavy and light chains contain a binding domain that interacts with an antigen while, depending of the
isotype, the constant region(s) may mediate the binding of the immunoglobulin to host tissues or factors. An
antibody also includes chimeric antibodies, humanized antibodies, and recombinant antibodies, human
antibodies generated from a transgenic non-human animal, as well as antibodies selected from libraries using
enrichment technologies available to the artisan.

[0171] The term “antibody heavy chain,” refers to the larger of the two types of polypeptide chains present in
antibody molecules in their naturally occurring conformations, and which normally determines the class to

which the antibody belongs.
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[0172] The term “antibody light chain,” refers to the smaller of the two types of polypeptide chains present
in antibody molecules in their naturally occurring conformations. Kappa (“k”) and lambda (“A”) light chains
refer to the two major antibody light chain isotypes.

[0173] An antibody or antigen-binding fragment thereof “specifically binds” or “preferentially binds” to a
target if it binds with greater affinity and/or avidity than it binds to epitopes on unrelated polypeptides. The
specificity of an antibody or antigen-binding fragment or portion thereof can be determined based on affinity
and/or avidity. Methods to determine such specific binding are also well known in the art. According to
certain embodiments of the present disclosure, the antibodies or antigen-binding fragment thereof can bind to
a human cancer antigen but not to a cancer antigen from other species. Alternatively, the antibodies or
antigen-binding fragment thereof, in certain embodiments, bind to human cancer antigen and to cancer
antigen from one or more non-human species. For example, the antibodies or antigen-binding fragment
thereof can bind to human cancer antigen and can bind or not bind, as the case may be, to one or more of
mouse, rat, guinea pig, hamster, gerbil, pig, cat, dog, rabbit, goat, sheep, cow, horse, camel, cynomolgus,
marmoset, rhesus or chimpanzee cancer antigen.

[0174] The affinity, represented by the equilibrium constant for the dissociation (Kp) of an antigen with an
antigen-binding protein, is a measure for the binding strength between an antigenic determinant and an
antigen-binding site on the antigen-binding protein: the lesser the value of the Kp, the stronger the binding
strength between an antigenic determinant and the antigen-binding molecule. Alternatively, the affinity can
also be expressed as the affinity constant (K,), which is 1/ Kp). As will be clear to the skilled person, affinity
can be determined in a manner known per se, depending on the specific antigen of interest. Accordingly, an
antibody or antigen-binding fragment thereof as defined herein is said to be "specific for" a first target or
antigen compared to a second target or antigen when it binds to the first antigen with an affinity (as described
above, and suitably expressed, for example as a K value) that is at least 50 times, such as at least 100 times,
and preferably at least 1000 times, and up to 10,000 times or more better than the affinity with which said
amino acid sequence or polypeptide binds to another target or polypeptide. Preferably, when an antibody or
antigen-binding fragment thereof is "specific for" a target or antigen, compared to another target or antigen, it
can bind the target or antigen, but does not bind the other target or antigen. However, as understood by one of
ordinary skill in the art, in some embodiments, where a binding site on a target is shared or partially shared by
multiple, different ligands, an antibody or antigen-binding fragment thereof can specifically bind to a target,
such as cancer associated antigen, and have the functional effect of, for example, inhibiting/preventing tumor
progression.

[0175] In some embodiments, an antibody provided herein has a dissociation constant (Kp) of about 1 uM,

100 nM, 10 nM, 5 nM, 2 nM, 1 nM, 0.5 nM, 0.1 nM, 0.05 nM, 0.01 nM, or 0.001 nM or less (e.g., 10"®M or

less, e.g., from 107%M to0 10713M, e.g., from 10 M to 10713 M). Another aspect of the invention provides for
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an antibody or antigen-binding fragment thereof with an increased affinity for its target, for example, an
affinity matured antibody. An affinity matured antibody is an antibody with one or more alterations in one or
more hypervariable regions (HVRs), compared to a parent antibody which does not possess such alterations,
such alterations resulting in an improvement in the affinity of the antibody for antigen. These antibodies can
bind to antigen with a Kp of about 5x107° M, 2x107°M, 1x107°M, 5x107"° M, 2x107'°M, 1x10™'" M, 5x107"
M, 1x107'' M, 5x1072 M, 1x1072 M, or less. In some embodiments, the present disclosure provides an
antibody or antigen-binding fragment thereof which has an increased affinity of at least 1.5 fold, 2 fold, 2.5
fold, 3 fold, 4 fold, 5 fold, 10 fold, 20 fold or greater as compared to a WT IgA antibody or a WT IgG
antibody, containing the heavy chain sequence and light chain sequence, or both. In other embodiments, the
antibody or a functional fragment thereof provided herein competes for binding to the same epitope as a
corresponding antibody from which the variable domains are derived. In some embodiments, the antibody or
antigen-binding fragment thereof that binds to the same epitope, and/or competes for binding to the same
epitope as an antibody exhibits effector function activities, such as, for example, Fc-mediated cellular
cytotoxicity, including ADCC activity.

[0176] Ky, can be measured by any suitable assay. For example, Ky, can be measured by a radiolabeled
antigen-binding assay (RIA) (See, e.g., Chen et al., J. Mol. Biol. 293:865-881 (1999); Presta et al., Cancer
Res. 57:4593-4599 (1997)). For example, KD can be measured using a surface plasmon resonance assay (e.g.,
using a BIACORE®-2000 or a BIACORE®-3000). For example, Ky, can be measured using a competitive
ELISA.

[0177] Avidity is the measure of the strength of binding between an antigen-binding molecule and the
pertinent antigen. Avidity is related to both the affinity between an antigenic determinant and its antigen-
binding site on the antigen-binding molecule, and the number of pertinent binding sites present on the
antigen-binding molecule. Typically, antigen-binding proteins will bind to their cognate or specific antigen
with a dissociation constant (Kp, of 10” to 10> moles/liter or less, and preferably 107 to 10™* moles/liter or
less and more preferably 10® to 10™"? moles/liter (i.e. with an association constant (K,) of 10° to 10'?
liter/moles or more, and preferably 107 to 10" liter/moles or more and more preferably 10° to 10"
liter/moles). Any Kp, value greater than 10™ mol/liter (or any K, value lower than 10* M) is generally
considered to indicate non-specific binding. The Ky, for biological interactions which are considered
meaningful (e.g., specific) are typically in the range of 10° M (0.1 nM) to 10” M (10000 nM). The stronger
an interaction is, the lower is its Kp. Preferably, a binding site on an anti-LAP antibody or antigen-binding
fragment thereof described herein will bind with an affinity less than 500 nM, preferably less than 200 nM,
more preferably less than 10 nM, such as less than 500 pM. Specific binding of an antigen-binding protein to
an antigen or antigenic determinant can be determined in any suitable manner known per se, including, for

example, Scatchard analysis and/or competitive binding assays, such as radioimmunoassays (RIA), enzyme
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immunoassays (EIA) and sandwich competition assays, and the different variants thereof known per se in the
art; as well as other techniques as mentioned herein.

[0178] The term “kon”, as used herein, is intended to refer to the rate constant for association of an antibody
or antigen-binding fragment thereof to an antigen.

[0179] The term “Koff”, as used herein, is intended to refer to the rate constant for dissociation of an
antibody or antigen-binding fragment thereof from the antibody/antigen complex.

[0180] The term “recombinant human antibody”, as used herein, includes all human antibodies that are
prepared, expressed, created or isolated by recombinant means, such as (a) antibodies isolated from an animal
(e.g., a mouse) that is transgenic or transchromosomal for human immunoglobulin genes or a hybridoma
prepared therefrom (described further below), (b) antibodies isolated from a host cell transformed to express
the human antibody, e.g., from a transfectoma, (c) antibodies isolated from a recombinant, combinatorial
human antibody library, and (d) antibodies prepared, expressed, created or isolated by any other means that
involve splicing of human immunoglobulin gene sequences to other DNA sequences. Such recombinant
human antibodies have variable regions in which the framework and CDR regions are derived from
immunoglobulin sequences, disclosed herein. In certain embodiments, however, such recombinant human
antibodies can be subjected to in vitro mutagenesis (or, when an animal transgenic for human Ig sequences is
used, in vivo somatic mutagenesis) and thus the amino acid sequences of the VH and VL regions of the
recombinant antibodies are sequences that, while derived from and related to human immunoglobulin VH and
VL sequences, may not naturally exist within the human antibody germline repertoire in vivo.

[0181] In the context of an antibody or antigen—binding fragment thereof, the term "specificity” or “specific
for” refers to the number of different types of antigens or antigenic determinants to which a particular
antibody or antigen-binding fragment thereof can bind. The specificity of an antibody or antigen-binding
fragment or portion thereof can be determined based on affinity and/or avidity. The affinity, represented by
the equilibrium constant for the dissociation (Kp) of an antigen with an antigen-binding protein, is a measure
for the binding strength between an antigenic determinant and an antigen-binding site on the antigen-binding
protein: the lesser the value of the Kp, the stronger the binding strength between an antigenic determinant and
the antigen-binding molecule. Alternatively, the affinity can also be expressed as the affinity constant (K,),
which is 1/ Kp). As will be clear to the skilled person, affinity can be determined in a manner known per se,
depending on the specific antigen of interest. Accordingly, an antibody or antigen-binding fragment thereof as
defined herein is said to be "specific for" a first target or antigen compared to a second target or antigen when
it binds to the first antigen with an affinity (as described above, and suitably expressed, for example as a Ky,
value) that is at least 50 times, such as at least 100 times, and preferably at least 1000 times, and up to 10,000
times or more better than the affinity with which said amino acid sequence or polypeptide binds to another

target or polypeptide. Preferably, when an antibody or antigen-binding fragment thereof is "specific for" a
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target or antigen, compared to another target or antigen, it can bind the target or antigen, but does not bind the
other target or antigen.

[0182] However, as understood by one of ordinary skill in the art, in some embodiments, where a binding
site on a target is shared or partially shared by multiple, different ligands, an antibody or antigen binding
fragment thereof can specifically bind to a target antigen, and have the functional effect of, for example,
inhibiting/preventing tumor progression.

[0183] Avidity is the measure of the strength of binding between an antigen-binding molecule and the
pertinent antigen. Avidity is related to both the affinity between an antigenic determinant and its antigen
binding site on the antigen-binding molecule, and the number of pertinent binding sites present on the
antigen-binding molecule. Typically, antigen-binding proteins will bind to their cognate or specific antigen
with a dissociation constant (K, of 10 to 10> moles/liter or less, and preferably 107 to 10™* moles/liter or
less and more preferably 10™ to 10" moles/liter (i.e. with an association constant (K,) of 10° to 10"
liter/moles or more, and preferably 107 to 10" liter/moles or more and more preferably 10° to 10"
liter/moles). Any Ky, value greater than 10™ mol/liter (or any K, value lower than 10* M) is generally
considered to indicate non-specific binding. The Ky, for biological interactions which are considered
meaningful (e.g., specific) are typically in the range of 107"° M (0.1 nM) to 10° M (10000 nM). The stronger
an interaction is, the lower is its Kp. Preferably, a binding site on an anti-LAP antibody or antigen-binding
fragment thereof described herein will bind with an affinity less than 500 nM, preferably less than 200 nM,
more preferably less than 10 nM, such as less than 500 pM. Specific binding of an antigen-binding protein to
an antigen or antigenic determinant can be determined in any suitable manner known per se, including, for
example, Scatchard analysis and/or competitive binding assays, such as radioimmunoassays (RIA), enzyme
immunoassays (EIA) and sandwich competition assays, and the different variants thereof known per se in the
art; as well as other techniques as mentioned herein.

[0184] The term “fusion protein” as used herein refers to a polypeptide that comprises an amino acid
sequence of an antibody or fragment thereof and an amino acid sequence of a heterologous polypeptide (i.e.,
an unrelated polypeptide).

[0185] In some embodiments, the antibody or antigen binding fragment thereof of the present disclosure is is
a single domain antibody. The expression "single domain antibody" (sdAbs) or

"single variable domain (SVD) antibody" generally refers to a single variable region (VH or ') wherein the
antibody-antigen binding can be imparted. In other words, single variable domain does not need to recognize
the target antigen by interacting with another variable region. A single domain antibody monomers single arm
antigen binding by each antibody variable region (VH * V] composition. Examples

of single domain antibodies include those derived from camelids (camels and llamas) and cartilaginous fish

(e.g. nurse sharks) antibodies and those antibodies (Ward et al from human and mouse antibodies by



10

15

20

25

30

WO 2020/197400 PCT/NL2020/050217

38

recombinant methods, Nature (1989) 341: 544-546; Dooley and Flajnik, Dev Comp Immunol (2006) 30: 43-
56; Muyldermans et, TrendBiochem Sci (2001) 26: 230-235; Holt et, Trends Biotechnol (2003): 21: 484-490;
WO 2005/035572; TO 03/035694; Davies and Riechmann, Febs Lett (1994) 339: 285-290; W000 / 29 004;.
WO 02/051870) and a single variable region of an antibody can be other than a single domain antibody
variable regions or variable domains are present in an antigen binding arm (e.g., homo- or hetero-multimer
together).

[0186] As used herein the term ‘modification” refers to an amino acid substitution or an amino acid deletion
of one or more amino acid residues in a heavy chain constant region of an antibody, compared to a WT heavy
chain constant region of a WT antibody. In some embodiments, the modification is in an amino acid residue
in the IgA CHI region of the heavy chain constant region. In some embodiments, the modification is in an
amino acid residue in the IgA CH2 region of the heavy chain constant region. In some embodiments, the
modification is in an amino acid residue in the IgA CH3 region of the heavy chain constant region. In some
embodiments, the modification is selected from Table 2. In some embodiments, the one or more
modifications disclosed herein result in an improved property of the antibody comprising the one or more
modifications compared to a corresponding WT antibody.

[0187] The term "improved property” means a characteristic associated with an antibody comprising the one
or more modifications disclosed herein, that is improved compared to the parent WT antibody not comprising
the one or more modifications. Such an improved property includes, but is not limited to, increased
thermostability, increased circulating half-life, increased ADCC, decreased aggregation, decreased
aggregation with serum proteins, increased tumor targeting, increased stability, decreased glycosylation,
increased binding a FcaR expressed on an immune cell. In some embodiments, the improved property is an
increase in one or more effector functions of the antibody or the functional fragment thereof, as compared to a
corresponding WT IgA. Effector functions are biological activities attributable to the Fc region of an
antibody, which vary with the antibody isotype. Examples of antibody effector functions include: C1q binding
and complement dependent cytotoxicity (CDC); Fc receptor binding; antibody-dependent cell-mediated
cytotoxicity (ADCC); phagocytosis.

[0188] In some embodiments, the antibodies or a functional fragment thereof disclosed herein (e.g.,
comprising the one or modifications disclosed herein in the IgA heavy chain constant region), have at least
2%, 3%, 4%, 5%, 1%, 8%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or at least 100% of one or
more improved property, compared to a corresponding WT IgA antibody or a corresponding WT IgG
antibody.

[0189] As used herein the term “corresponding” unmodified antibody means a wild type antibody of the
same sequence as the antibody comprising one or more select modifications disclosed herein, but without the

one or more selected modifications described herein, in particular in the heavy chain constant region. In some
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embodiments, the corresponding antibody can be a WT IgA antibody comprising a WT IgA heavy chain
constant region. In some embodiments, the corresponding antibody can be a WT IgG antibody comprising a
WT IgG heavy chain constant region. In some embodiments, a corresponding WT IgA antibody is a WT IgAl
antibody. In some embodiments, the corresponding WT IgA antibody is WT IgA2 antibody. In some
embodiments, a corresponding WT IgA antibody comprises a wild type IgA heavy chain constant region
comprising an amino acid sequence set forth in SEQ ID NO: 1. In some embodiments, a corresponding WT
IgA2 antibody comprises a wild type IgA2 heavy chain constant region comprising an amino acid sequence
set forth in SEQ ID NO: 1. In some embodiments, a corresponding WT IgA antibody comprises a wild type
IgA heavy chain constant region comprising an amino acid sequence set forth in SEQ ID NO: 2 In some
embodiments, a corresponding WT IgA antibody comprises a wild type IgA heavy chain constant region
comprising an amino acid sequence set forth in SEQ ID NO: 2. In some embodiments, the WT IgA heavy
chain constant region comprises an amino acid sequence set forth in SEQ ID NO: 1. In some embodiments,
the WT IgA2 heavy chain constant region comprises an amino acid sequence set forth in SEQ ID NO: 1. In
some embodiments, the amino acid modifications disclosed herein are relative to amino acid residues at select
positions in the WT IgA heavy chain constant region (e.g., WT IgA2 heavy chain constant region) comprising
an amino acid sequence set forth in SEQ ID NO: 1, numbering according to IMGT scheme.

[0190] In some embodiments, the WT IgA heavy chain constant region comprises an amino acid sequence
set forth in SEQ ID NO: 2. In some embodiments, the WT IgA2 heavy chain constant region comprises an
amino acid sequence set forth in SEQ ID NO: 2. In some embodiments, the amino acid modifications
disclosed herein are relative to amino acid residues at select positions in the WT IgA heavy chain constant
region (e.g., WT IgA2 heavy chain constant region) comprising an amino acid sequence set forth in SEQ ID
NO: 2, numbering according to IMGT scheme.

[0191] In some embodiments, the WT IgA heavy chain constant region comprises an amino acid sequence
set forth in SEQ ID NO: 3. In some embodiments, the WT IgA2 heavy chain constant region comprises an
amino acid sequence set forth in SEQ ID NO: 3. In some embodiments, the amino acid modifications
disclosed herein are relative to amino acid residues at select positions in the WT IgA heavy chain constant
region (e.g., WT IgA2 heavy chain constant region) comprising an amino acid sequence set forth in SEQ ID
NO: 3, numbering according to IMGT scheme.

[0192] The term “Fab” as used herein is intended to refer to a region of an antibody composed of one
constant and one variable domain of each of the heavy and the light chains (monovalent antigen-binding
fragment), but wherein the heavy chain is truncated such that it lacks the CH2 and CH3 domain(ie VH, CH1,
VL, and CL), and may also lack some or all of the hinge region. It can be produced by digestion of a whole
antibody with the enzyme papain. Fab may refer to this region in isolation, or this region in the context of a

full length antibody, immunoglobulin construct or Fab fusion protein.
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[0193] The term Fab’ as used herein can be obtained by treating a whole antibody with pepsin, followed by
reduction, to yield a molecule consisting of an intact light chain and a portion of a heavy chain comprising a
VH and a single constant domain. Two Fab' fragments are obtained per antibody treated in this manner.
[0194] By "scFv” it is meant an antibody fragment comprising the VFI and VL domains of an antibody,
wherein these domains are present in a single polypeptide chain. See, for example, U.S. Pat. Nos. 4,946,778,
5,260,203, 5,455,030, and 5,856,456. Generally, the Fv polypeptide further comprises a polypeptide linker
between the VH and VL domains that enables the scFv to form the desired structure for antigen-binding. For a
review of scFv see Pluckthun (1994) The Pharmacology of Monoclonal Antibodies vol 113 ed. Rosenburg
and Moore (Springer-Verlag, New York) pp 269-315. The VFI and VL domain complex of Fv fragments may
also be stabilized by a disulfide bond (US Pat. No. 5,747,654).

[0195] The term “in vivo half-life” or “circulating half-life” as used herein refers to the circulation of an
antibody or a functional fragment thereof in a given animal and is represented by a time required for half the
quantity administered in the animal to be cleared from the circulation.

[0196] The term “increased circulating half life” as used herein means that the antibody comprising one or
more modifications relative to a WT IgA antibody as provided according to the invention has a greater
persistence in the serum or plasma and/or takes a greater period of time to reduce to half the maximal
measured serum or plasma concentration relative to the same antibody, that does not contain the same
modifications, i.e., a WT antibody e.g., WT IgA antibody.

[0197] The term "increased thermostability” means a higher retention of a biological activity e.g., ADCC,
binding to an antigen, binding to a FcaR, of an antibody or a functional fragment disclosed herein after a
period of incubation at a temperature relative to a corresponding WT IgA antibody. The

increased thermostability of the can be assessed, for example, under conditions of one or more (e.g., several)
temperatures. For example, the one or more (e.g., several) temperatures can be any temperature or
temperatures in the range of 45°C to 95°C, e.g., 45, 50, 55, 60, 65, 70, 75, 80, 85, or 95°C (or in between, e.g.,
62°C, 68°C, 72°C, etc.) at one or more (e.g., several) pHs in the range of 3 t0 9, e.g., 3.0, 3.5, 4.0, 4.5, 5.0,
5.5,6.0,6.5,7.0,7.5, 8.0, 8.5, or 9.0 (or in between) for a suitable period (time) of incubation, e.g., | minute,
5 minutes, 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30 minutes, 45 minutes, or 60 minutes (or in
between, e.g., 23 minutes, 37 minutes, etc.), such that the variant retains residual activity. However, longer
periods of incubation can also be used. The term "increased thermostability” can be used interchangeably with
"improved thermostability".

[0198] As used herein, the term "naturally occurring " as it relates to a glycosylation site or an amino acid
residue in a IgA heavy chain constant region, refers to the fact that the glycosylation site or the amino acid

residue can be found in nature in the IgA heavy chain constant region, for example, can be isolated from a
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source in nature and has not been intentionally modified in the laboratory by a human (including a virus). A
polypeptide or polynucleotide sequence present in an organism is a sequence naturally occurring.

[0199] The terms “disease”, “disorder”, or “condition” are used interchangeably herein, refer to any
alternation in state of the body or of some of the organs, interrupting or disturbing the performance of the
functions and/or causing symptoms such as discomfort, dysfunction, distress, or even death to the person
afflicted or those in contact with a person. A disease or disorder can also be related to a distemper, ailing,
ailment, malady, disorder, sickness, illness, complaint, or affectation.

[0200] The term “in need thereof” when used in the context of a therapeutic or prophylactic treatment, means
having a disease, being diagnosed with a disease, or being in need of preventing a disease, e.g., for one at risk
of developing the disease. Thus, a subject in need thereof can be a subject in need of treating or preventing a
disease.

[0201] As used herein, the term "administering," refers to the placement of a compound (e.g., an antibody or
antigen binding fragment thereof as disclosed herein) into a subject by a method or route that results in at least
partial delivery of the agent at a desired site. Pharmaceutical compositions comprising an antibody or antigen
binding fragment thereof, disclosed herein can be administered by any appropriate route which results in an
effective treatment in the subject, including but not limited to intravenous, intraarterial, injection or infusion
directly into a tissue parenchyma, etc. Where necessary or desired, administration can include, for example,
intracerebroventricular (“icv”’) administration, intranasal administration, intracranial administration,
intracelial administration, intracerebellar administration, or intrathecal administration.

[0202] The term “cancer” refers to a disease characterized by the rapid and uncontrolled growth of aberrant
cells. Cancer cells can spread locally or through the bloodstream and lymphatic system to other parts of the
body.

[0203] The term “anti-tumor effect” refers to a biological effect which can be manifested by various means,
including but not limited to, e.g., a decrease in tumor volume, a decrease in the number of tumor cells, a
decrease in the number of metastases, an increase in life expectancy, decrease in tumor cell proliferation,
decrease in tumor cell survival, or amelioration of various physiological symptoms associated with the
cancerous condition. An “anti-tumor effect” can also be manifested by the ability of the peptides,
polynucleotides, cells and antibodies of the invention in prevention of the occurrence of tumor in the first
place.

[0204] As used herein, a "subject”, “patient”, “individual” and like terms are used interchangeably and refers
to a vertebrate, a mammal, a primate, or a human. Mammals include, without limitation, humans, primates,
rodents, wild or domesticated animals, including feral animals, farm animals, sport animals, and pets.
Primates include, for example, chimpanzees, cynomolgus monkeys, spider monkeys, and macaques, e.g.,

Rhesus. Rodents include, for example, mice, rats, woodchucks, ferrets, rabbits and hamsters. Domestic and
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game animals include, for example, cows, horses, pigs, deer, bison, buffalo, feline species, e.g., domestic cat,
and canine species, e.g., dog, fox, wolf, avian species, e.g., chicken, emu, ostrich, and fish, e.g., trout, catfish
and salmon. The terms, “individual,” “patient” and “subject” are used interchangeably herein. A subject can
be male or female.

[0205] In some embodiments, the subject is a mammal. The mammal can be a human, non-human primate,
mouse, rat, dog, cat, horse, or cow, but is not limited to these examples. Mammals other than humans can be
advantageously used as subjects that represent animal models of conditions or disorders associated with
uncontrolled cell growth (e.g., a cancer). Non-limiting examples include murine tumor models. In addition,
the compositions and methods described herein can be used to treat domesticated animals and/or pets. A
subject can be one who has been previously diagnosed with or identified as suffering from a cancer. A subject
can be one who is diagnosed and currently being treated for, or seeking treatment, monitoring, adjustment or
modification of an existing therapeutic treatment, or is at a risk of developing a given disorder (e.g., cancer).
[0206] A "cytotoxic agent” refers to an agent that has a cytotoxic and/or cytostatic effect on a cell. A
"cytotoxic effect"” refers to the depletion, elimination and/or the killing of a target cell(s). A "cytostatic effect”
refers to the inhibition of cell proliferation.

[0207] As used herein, the terms “protein”, “peptide” and “polypeptide" are used interchangeably to
designate a series of amino acid residues connected to each other by peptide bonds between the alpha-amino
and carboxy groups of adjacent residues. The terms "protein”, “peptide” and "polypeptide" refer to a polymer
of amino acids, including modified amino acids (e.g., phosphorylated, glycated, glycosylated, etc.) and amino
acid analogs, regardless of its size or function. "Protein" and “polypeptide” are often used in reference to
relatively large polypeptides, whereas the term "peptide"” is often used in reference to small polypeptides, but
usage of these terms in the art overlaps. The terms "protein”, “peptide” and "polypeptide” are used
interchangeably herein when referring to a gene product and fragments thereof. These terms encompass, e.g.,
native and artificial proteins, protein fragments and polypeptide analogs (such as muteins, variants, and fusion
proteins) of a protein sequence as well as post-translationally, or otherwise covalently or non-covalently,
modified proteins. A peptide, polypeptide, or protein may be monomeric or polymeric. A polypeptide can
have the amino acid sequence of naturally occurring polypeptide from any mammal. Such native sequence
polypeptide can be isolated from nature or can be produced by recombinant or synthetic means. In some
embodiments, the polypeptide is a “variant”. “Variant” means a biologically active polypeptide having at least
about 80% amino acid sequence identity with the native sequence polypeptide after aligning the sequences
and introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not considering
any conservative substitutions as part of the sequence identity. Such variants include, for instance,
polypeptides wherein one or more amino acid residues are added, or deleted, at the N- or C-terminus of the

polypeptide. In some embodiments, a variant will have at least about 80% amino acid sequence identity. In
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some embodiments, a variant will have at least about 90% amino acid sequence identity. In some
embodiments, a variant will have at least about 95% amino acid sequence identity with the native sequence
polypeptide. A “derivative” of a polypeptide is a polypeptide (e.g., an antibody) that has been chemically
modified, e.g., via conjugation to another chemical moiety (such as, for example, polyethylene glycol or
albumin, e.g., human serum albumin), phosphorylation, and glycosylation

[0208] The terms “increased” ,“increase”, or “enhance” are all used herein to generally mean an increase by
a statically significant amount; for the avoidance of doubt, the terms “increased”, “increase”, or “enhance”,
mean an increase of at least 10% as compared to a reference level, for example an increase of at least about
10%, at least about 20%, or at least about 30%, or at least about 40%, or at least about 50%, or at least about
60%, or at least about 70%, or at least about 80%, or at least about 90% or up to and including a 100%
increase or any increase between 10-100% as compared to a reference level, or at least about a 2-fold, or at
least about a 3-fold, or at least about a 4-fold, or at least about a 5-fold or at least about a 10-fold increase, or
any increase between 2-fold and 10-fold or greater as compared to a reference level.

[0209] The term “fusion protein” as used herein refers to a polypeptide that comprises an amino acid
sequence of an antibody or fragment thereof and an amino acid sequence of a heterologous polypeptide (i.e.,
an unrelated polypeptide).

[0210] The terms, “decrease”, “reduce”, “reduction”, “lower” or “lowering,” or “inhibit” are all used herein
generally to mean a decrease by a statistically significant amount. For example, “decrease”, “reduce”,
“reduction”, or “inhibit” means a decrease by at least 10% as compared to a reference level, for example a
decrease by at least about 20%, or at least about 30%, or at least about 40%, or at least about 50%, or at least
about 60%, or at least about 70%, or at least about 80%, or at least about 90% or up to and including a 100%
decrease (e.g., tumor size after treatment as compared to a reference level prior to the treatment), or any
decrease between 10-100% as compared to a reference level. In the context of a marker or symptom, by these
terms is meant a statistically significant decrease in such level. The decrease can be, for example, at least
10%, at least 20%, at least 30%, at least 40% or more, and is preferably down to a level accepted as within the
range of normal for an individual without a given disease. Reduce or inhibit can refer to, for example, the
symptoms of the disorder being treated, the presence or size of metastases or micrometastases, the size of the
primary tumor, the presence or the size of the dormant tumor.

2«

[0211] The terms “synthetic polynucleotide,” “synthetic gene” or “synthetic polypeptide,” as used herein,
mean that the corresponding polynucleotide sequence or portion thereof, or amino acid sequence or portion
thereof, is derived, from a sequence that has been designed, or synthesized de novo, or modified, compared to
an equivalent naturally-occurring sequence. Synthetic polynucleotides (antibodies or antigen-binding
fragments) or synthetic genes can be prepared by methods known in the art, including but not limited to, the

chemical synthesis of nucleic acid or amino acid sequences. Synthetic genes are typically different from
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naturally-occurring genes, either at the amino acid, or polynucleotide level, (or both) and are typically located
within the context of synthetic expression control sequences. Synthetic gene polynucleotide sequences, may
not necessarily encode proteins with different amino acids, compared to the natural gene; for example, they
can also encompass synthetic polynucleotide sequences that incorporate different codons but which encode

the same amino acid (i.e., the nucleotide changes represent silent mutations at the amino acid level).

IgA Antibodies

[0212] IgA has two subclasses (IgAl and IgA2) and can be produced as a monomeric as well as a dimeric
form and secretory form. In some embodiments, the IgA antibody can be monomeric. In some embodiments,
the IgA antibody can comprise one or more IgA1 amino acid sequences. In some embodiments, the IgA
antibody can comprise one or more IgA2 amino acid sequences. In some embodiments, the IgA antibody can
comprise one or more IgA1 amino acid sequences and one or more IgA2 amino acid sequences.

[0213] In some embodiments, the IgA antibody is an IgA is an IgA2 antibody of allotype: IgA2m(1),
IgA2(m)2, or IgA2n. In some embodiments, the IgA2m(1) antibody is a Caucasian IgA2m(1) antibody. In
some embodiments, the [gA2m(2) antibody is an African IgA2m(2) antibody or an Asian IgA2m(2) antibody.
[0214] In some embodiments, the IgA antibody comprises a heavy chain constant region comprising at least
60%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% IgA amino acids. In some embodiments, the IgA antibody
comprises a light chain constant region comprising at least 50, 60%, 70%, 75%, 80%, 85%, 90%, 95%, or
99% IgA amino acids.

[0215] In some embodiments, the IgA antibody comprises a heavy chain constant region comprising one or
more of an IgA CH3 region, an IgA CH2, or an IgA CH1 region, or any combination thereof. In some
embodiments, the IgA antibody comprises a light chain region comprising an IgA CHI region. In some
embodiments, the IgA antibody comprises a light chain region comprising a kappa light chain constant region.
In some embodiments, the IgA antibody comprises a heavy chain constant region comprising one or more
amino acid of an IgG CH3 region, an IgG CH2, or an IgG CH1 region, or any combination thereof. In some
embodiments, the IgA antibody comprises a heavy chain constant region comprising an IgA CH3 region, an
IgA CH2, and an IgA CH1 region, or any combination thereof. In some embodiments, the IgA antibody
comprises a heavy chain constant region comprising an IgA CH3 region, an IgA CH2, and an IgG CH1
region, or any combination thereof. In some embodiments, the IgA2 antibody comprises a heavy chain
constant region comprising one or more of an IgA2 CH3 region, an IgA2 CH2, or an IgA2 CHI region, or any
combination thereof.

[0216] In some embodiments, the IgA antibody comprises an IgG light chain variable region. In some
embodiments, the IgA antibody comprises an IgG heavy chain variable region. In some embodiments, the IgA

antibody comprises an IgG light chain variable region and an IgG heavy chain variable region.
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[0217] In some embodiments, the IgA antibody can be a humanized antibody. In some embodiments, the IgA
antibody can be a chimeric antibody. In some embodiments, the IgA antibody can be a human antibody.
[0218] In some embodiments, the IgA antibody can be a monospecific antibody. In some embodiments, the
IgA antibody can be a bi-specific antibody. In some embodiments, the IgA antibody can be a tri-specific
antibody. In some embodiments, the IgA antibody can be a multi-specific antibody.

[0219] In some embodiments, the IgA antibody can be a bispecific antibody. In some embodiments, the IgA
antibody co-engages two antigens at the cell surface. In some examples, the binding of the IgA antibody to
two different antigens is sequential. For example, the binding of the IgA antibody to the first antigen occurs
first and thereby restricts the space explored by the second antibody arm. Consequentially, there can be a
significant increase in local concentration of the second antigen, which can facilitate the binding of the second
antibody arm.

[0220] In some embodiments, the IgA antibody can comprise at least a portion of the Fc domain. In some
embodiments, the IgA antibody comprises a heavy chain constant region comprising a CH3, CH2, and CH1
domain. In some embodiments, the IgA antibody comprises a light chain constant region comprising a CHL1.
[0221] In some embodiments, the IgA antibody induces complement-dependent cytotoxicity (CDC). In some
embodiments, the IgA antibody induces polymorphonuclear neutrophil (PMN)-mediated tumor cell lysis. In
some embodiments, the IgA antibody induces programmed cell death (PCD) via a caspase-independent
pathway. In some embodiments, the IgA antibody induces antibody-dependent cell-mediated cytotoxicity
(ADCC). In some embodiments, the IgA antibody induces antibody-dependent cell-mediated cytotoxicity
(ADCC) mediated by neutrophils.

[0222] In some embodiments, the IgA antibody can have a superior ability to recruit neutrophils for
antibody-dependent cell-mediated cytotoxicity (ADCC) compared to a corresponding IgG antibody. In some
embodiments, the IgA antibody can require lower effector:target (E:T) ratios. In some embodiments, the IgA
antibody can require lower tumor-opsonizing antibody concentrations compared to other types of antibodies
(e.g., IgG). In some embodiments, the IgA antibody can trigger neutrophil-mediated phagocytosis or
trogocytosis of tumor cells following IgA antibody-neutrophil engagement. In some embodiments, the IgA
antibody can trigger trogoptosis of tumor cells following IgA antibody-neutrophil engagement. This
mechanism of killing tumor cells is mediated mainly by interacting with the Fc receptor for IgA (FcaRI;
CD&9), which is the best characterized IgA receptor. FcaRI is expressed on monocytes, macrophages,
granulocytes, subsets of dendritic cells, and Kupffer cells and binds both monomeric and dimeric IgA
isoforms with median affinity. Binding of IgA to FcaRI mediates effector functions such as phagocytosis,
oxidative burst, cytokine release, antigen presentation, and ADCC. In humans, two IgA isotypes, IgAl and
IgA2, and three allotypes, [gA2m(1), [gA2m(2) and IgA2n, have been distinguished. In some embodiments,
IgA antibodies trigger polymorphonuclear cell (PMN) mediated ADCC more efficiently than IgG antibodies.
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[0223] In some embodiments, the IgA does not bind a B cell, a T cell, a platelet, and/or an erythrocyte. For
example, in some embodiments, the IgA antibody can have low immunogenicity.

[0224] In some embodiments, the IgA antibody is a therapeutic antibody. In some embodiments, the IgA
antibody can be a recombinant antibody. In some embodiments, the IgA antibody is made in a cell line. In
some embodiments, the cell line is CHO. In some embodiments, the cell line is SP20. In some embodiments,
the cell line is a HEK 239 cell line. In some embodiments, the HEK 293 cell line is HEK 293 F.

[0225] In some embodiments, the antibody or a functional fragment thereof provided herein comprises an
IgA heavy chain constant region comprises having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% sequence identity to the amino acid sequence of any one of SEQ ID NO:16-21. In some
embodiments, the antibody or a functional fragment thereof provided herein comprises a variable heavy chain
domain from an IgG antibody. In some embodiments, the antibody or a functional fragment thereof provided
herein comprises a variable light chain domain from an IgG antibody. The variable domains can be derived
from, for example, Dinutuximab, Obinutuzumab, Unituxin, TA99, 2.3D11, C47A8-CQ, UMAB10, and
Trastuzumab and Rituxan (Rituximab), other antibodies having therapeutic activity encompassed within the
scope of the invention include, but are not limited to, Avastin, Herceptin, 3F8, 8H9, Abagovomab,
Abciximab, Actoxumab, Adalimumab, Adecatumumab, Aducanumab, Afelimomab, Afutuzumab,
Alacizumab pegol, ALD518, Alemtuzumab, Alirocumab, Altumomab pentetate, Amatuximab, Anatumomab
mafenatox, Anifrolumab, Anrukinzumab, Apolizumab, Arcitumomab, Aselizumab, Atinumab, Atlizumab,
Atorolimumab, Bapineuzumab, Basiliximab, Bavituximab, Bectumomab, Belimumab, Benralizumab,
Bertilimumab, Besilesomab, Bevacizumab, Bezlotoxumab, Biciromab, Bimagrumab, Bivatuzumab
mertansine, Blinatumomab, Blosozumab, Brentuximab vedotin, Briakinumab, Brodalumab, Canakinumab,
Cantuzumab mertansine, Cantuzumab ravtansine, Caplacizumab, Capromab pendetide, Carlumab,
Catumaxomab, cBR96-doxorubicin immunoconjugate, CC49, Cedelizumab, Certolizumab pegol, Cetuximab,
Ch.14.18, Citatuzumab bogatox, Cixutumumab, Clazakizumab, Clenoliximab, Clivatuzumab tetraxetan,
Conatumumab, Concizumab, CR6261, Crenezumab, Dacetuzumab, Daclizumab, Dalotuzumab,
Daratumumab, Demcizumab, Denosumab, Detumomab, Dorlimomab aritox, Drozitumab, Duligotumab,
Dupilumab, Dusigitumab, Ecromeximab, Eculizumab, Edobacomab, Edrecolomab, Efalizumab, Efungumab,
Eldelumab, Elotuzumab, Elsilimomab, Enavatuzumab, Enlimomab pegol, Enokizumab, Enoticumab,
Ensituximab, Epitumomab cituxetan, Epratuzumab, Erlizumab, Ertumaxomab, Etaracizumab, Etrolizumab,
Evolocumab, Exbivirumab, Fanolesomab, Faralimomab, Farletuzumab, Fasinumab, FBTAO05, Felvizumab,
Fezakinumab, Ficlatuzumab, Figitumumab, Flanvotumab, Fontolizumab, Foralumab, Foravirumab,
Fresolimumab, Fulranumab, Futuximab, Galiximab, Ganitumab, Gantenerumab, Gavilimomab, Gemtuzumab
ozogamicin, Gevokizumab, Girentuximab, Glembatumumab vedotin, Golimumab, Gomiliximab,

Guselkumab, Ibalizumab, Ibritumomab tiuxetan, Icrucumab, Igovomab, IMAB362, Imciromab,
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Imgatuzumab, Inclacumab, Indatuximab ravtansine, Infliximab, Inolimomab, Inotuzumab ozogamicin,
Intetumumab, Ipilimumab, Iratumumab, Itolizumab, Ixekizumab, Keliximab, Labetuzumab, Lambrolizumab,
Lampalizumab, Lebrikizumab, Lemalesomab, Lerdelimumab, Lexatumumab, Libivirumab, Ligelizumab,
Lintuzumab, Lirilumab, Lodelcizumab, Lorvotuzumab mertansine, Lucatumumab, Lumiliximab,
Mapatumumab, Margetuximab, Maslimomab, Matuzumab, Mavrilimumab, Mepolizumab, Metelimumab,
Milatuzumab, Minretumomab, Mitumomab, Mogamulizumab, Morolimumab, Motavizumab, Moxetumomab
pasudotox, Muromonab-CD3, Nacolomab tafenatox, Namilumab, Naptumomab estafenatox, Narnatumab,
Natalizumab, Nebacumab, Necitumumab, Nerelimomab, Nesvacumab, Nimotuzumab, Nivolumab,
Nofetumomab merpentan, Ocaratuzumab, Ocrelizumab, Odulimomab, Ofatumumab, Olaratumab,
Olokizumab, Omalizumab, Onartuzumab, Ontuxizumab, Oportuzumab monatox, Oregovomab, Orticumab,
Otelixizumab, Otlertuzumab, Oxelumab, Ozanezumab, Ozoralizumab, Pagibaximab, Palivizumab,
Panitumumab, Pankomab, Panobacumab, Parsatuzumab, Pascolizumab, Pateclizumab, Patritumab,
Pemtumomab, Perakizumab, Pertuzumab, Pexelizumab, Pidilizumab, Pinatuzumab vedotin, Pintumomab,
Placulumab, Polatuzumab vedotin, Ponezumab, Priliximab, Pritoxaximab, Pritumumab, PRO 140,
Quilizumab, Racotumomab, Radretumab, Rafivirumab, Ramucirumab, Ranibizumab, Raxibacumab,
Regavirumab, Reslizumab, Rilotumumab, Rituximab, Robatumumab, Roledumab, Romosozumab,
Rontalizumab, Rovelizumab, Ruplizumab, Samalizumab, Sarilumab, Satumomab pendetide, Secukinumab,
Seribantumab, Setoxaximab, Sevirumab, SGN-CD19A, SGN-CD33A, Sibrotuzumab, Sifalimumab,
Siltuximab, Simtuzumab, Siplizumab, Sirukumab, Solanezumab, Solitomab, Sonepcizumab, Sontuzumab,
Stamulumab, Sulesomab, Suvizumab, Tabalumab, Tacatuzumab tetraxetan, Tadocizumab, Talizumab,
Tanezumab, Taplitumomab paptox, Tefibazumab, Telimomab aritox, Tenatumomab, Teneliximab,
Teplizumab, Teprotumumab, TGN1412, Ticilimumab, Tigatuzumab, Tildrakizumab, TNX-650, Tocilizumab,
Toralizumab, Tositumomab, Tovetumab, Tralokinumab, Trastuzumab, TRBS07, Tregalizumab,
Tremelimumab, Tucotuzumab celmoleukin, Tuvirumab, Ublituximab, Urelumab, Urtoxazumab,
Ustekinumab, Vantictumab, Vapaliximab, Vatelizumab, Vedolizumab, Veltuzumab, Vepalimomab,
Vesencumab, Visilizumab, Volociximab, Vorsetuzumab mafodotin, Votumumab, Zalutumumab,
Zanolimumab, Zatuximab, Ziralimumab, hul4.18K322A, Zolimomab aritox, rituximab (Rituxan®, CD20),
trastuzumab (Herceptin®,), alemtuzumab (Campath®, CD52), ibritumomab tiuxetan (Zevalin®, CD20)
tositumomab-I-131 (Bexxar®: CD20), cetuximab (Erbitux®), bevacizumab (VEGF), panitumumab
(Vectibix®, EGFR), ofatumumab (Arzerra®, CD20), ipilimumab (Ypervoy®, CTLA-4), brentiuximab
vedotin (Adectris®, CD30), pertuzumab (Perjecta®, HER2), adotrastuzumab, ematansine (Kadcyla®, HER?2),
obinutuzumab (Gazyva®, CD20), nivolumab and pembrolizumab (anti-PD-15s).

[0226] In one aspect, an antibody or antigen-binding fragment thereof comprises a heavy chain variable

region (VH) sequence having at least 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%., or 100%
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sequence identity to the amino acid sequence of any one of SEQ ID NOs: 4, 7, 81-86. In some embodiments,
a VH sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity contains
substitutions (e.g., conservative substitutions), insertions, or deletions relative to the reference sequence, but
an antibody comprising that sequence retains the ability to bind to same antigen as of the WT antibody. In
some embodiments, a total of 1 to 10 amino acids have been substituted, inserted and/or deleted in the amino
acid sequence of any one of SEQ ID NOs: 4, 7, 81-86. In some embodiments, substitutions, insertions, or
deletions occur in regions outside the CDRs (e.g., in the FRs). Optionally, the antibody comprises the VH
sequence of the amino acid sequence of SEQ ID NOs: 4, 7, 81-86, including one or more post-translational
modifications of that sequence. In a particular embodiment, the VH comprises one, two or three CDRs
selected from: (a) HC-CDRI1 comprising the amino acid sequence of any one of SEQ ID NOs: 33-40, (b) HC-
CDR2 comprising the amino acid sequence of any one of SEQ ID NO: 41-48, and (c) HC-CDR3 comprising
the amino acid sequence of any one of SEQ ID NO: 49-56.

[0227] In one aspect, an antibody or antigen-binding fragment thereof, is provided, wherein the antibody or
antigen-binding fragment thereof comprises a light chain variable region (VL) having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of any
one of SEQ ID NOs: 5, 8, 95-100. In some embodiments, a VL sequence having at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions),
insertions, or deletions relative to the reference sequence, but an antibody or antigen-binding fragment thereof
comprising that sequence retains the ability to bind to same antigen as the WT antibody. In some
embodiments, a total of 1 to 10 amino acids have been substituted, inserted and/or deleted in any one of the
amino acid sequences of any one of SEQ ID NOs: 5, 8, 95-100. In some embodiments, the substitutions,
insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs). Optionally, the antibody or
antigen-binding fragment thereof comprises the VL sequence of any one of SEQ ID NO: 5, 8, 95-100.,
including post-translational modifications of that sequence. In a particular embodiment, the VL comprises
one, two or three CDRs selected from (a) LC-CDR1 comprising the amino acid sequence of any one of SEQ
ID NOS: 57-64; (b) LC-CDR2 comprising the amino acid sequence of any one of SEQ ID NOS: 65-72; and
(c) LC-CDR3 comprising the amino acid sequence of any one of SEQ ID NOS: 73-80.

[0228] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a VH as in any of the embodiments provided above, and a VL as
in any of the embodiments provided above. In some embodiments, the antibody or antigen-binding fragment
thereof comprises a VH and a VL, wherein the VH comprises the amino acid sequence of any one of SEQ ID
NOS: 4,7, 81-86, and wherein the VL comprises the amino acid sequence in any one of SEQ ID NOS: 5, §,

95-100, and optionally including post-translational modifications of those sequences.
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[0229] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a VH selected from any VH in Table 9. In one aspect, an
antibody or antigen-binding fragment thereof is provided, wherein the antibody or antigen-binding fragment
thereof comprises a VL selected from any VL in Table 9. In one aspect, an antibody or antigen-binding
fragment thereof is provided, wherein the antibody or antigen-binding fragment thereof comprises a VH
selected from any VH in Table 9 and a VL selected from any VL in Table 9. In one aspect, an antibody or
antigen-binding fragment thereof is provided, wherein the antibody or antigen-binding fragment thereof
comprises a VH selected from any VH in Table 9 and a VL selected from any VL in Table 9, wherein the
selected VH and VL are paired according to Table 9. In one aspect, an antibody or antigen-binding fragment
thereof is provided, wherein the antibody or antigen-binding fragment thereof comprises a HC-CDR3 selected
from any HC-CDR3 in Table 5 and a LC-CDR3 selected from any LC-CDR3 in Table 6, wherein the selected
HC-CDR3 and LC-CDR3 are paired according to Table 9. In one aspect, an antibody or antigen-binding
fragment thereof is provided, wherein the antibody or antigen-binding fragment thereof comprises a HC-
CDR2 selected from any CDR-H2 in Table 5 and a LC-CDR2 selected from any CDR-L2 in Table 6, wherein
the selected HC-CDR?2 and LC-CDR?2 are paired according to Table 9. In one aspect, an antibody or antigen-
binding fragment thereof is provided, wherein the antibody or antigen-binding fragment thereof comprises a
HC-CDRI1 selected from any HC-CDRI in Table 5 and a LC-CDR1 selected from any LC-CDR1 in Table 6,
wherein the selected HC-CDR1 and LC-CDR1 are paired according to Table 9. In one aspect, an antibody or
antigen-binding fragment thereof is provided, wherein the antibody or antigen-binding fragment thereof
comprises a HC-CDR1, a HC-CDR2, and a HC-CDR3 selected from any HC-CDR1, a HC-CDR2, and a HC-
CDR3 in Table 5 and a LC-CDR1, a LC-CDR2, and a LC-CDR3 selected from any LC-CDR1, a LC-CDR2,
and a LC-CDR3 in Table 6, wherein the selected HC-CDR1, a HC-CDR2, a HC-CDR3, LC-CDRI1, a LC-
CDR2, and a LC-CDR3 are paired according to Table 9. In some embodiments, the antibody or an antigen
binding fragment thereof comprises any one of a HC-CDR1, a HC-CDR2, and a HC-CDR3 selected from any
HC-CDR1, a HC-CDR?2, and a HC-CDR3 in Table 5 and any IgA heavy chain constant region selected from
SEQ ID NOs: 16-21. In some embodiments, the antibody or an antigen binding fragment thereof comprises
any one of a LC-CDR1, a LC-CDR2, and a LC-CDR3 selected from any LC-CDR1, a LC-CDR2, and a LC-
CDR3 in Table 6 and any IgA heavy chain constant region selected from SEQ ID NOs: 16-21.

[0230] In some embodiments, the antibody or an antigen binding fragment thereof comprises any one of a
HC-CDR1, a HC-CDR?2, and a HC-CDR3 selected from any HC-CDR1, a HC-CDR2, and a HC-CDR3 in
Table 5 and any one of a LC-CDRI1, a LC-CDR2, and a LC-CDR3 selected from any LC-CDR1, a LC-CDR2,
and a LC-CDR3 in Table 6 and any IgA heavy chain constant region selected from SEQ ID NOs: 16-21,
wherein the selected HC-CDR1, HC-CDR2, HC-CDR3, selected LC-CDR1, LC-CDR2, LC-CDR3 and

selected IgA heavy chain constant region are paired according to Table 9.
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IgA Antibody Modifications

[0231] Described herein are IgA antibodies comprising one or more amino acid substitution and/or one or
more amino acid deletions.

[0232] In some embodiments, the amino acid numbering of an IgA antibody described herein is indicated
according to IMGT unique numbering for C-DOMAIN and C-LIKE-DOMAIN (as disclosed in “IMGT
unique numbering for immunoglobulin and T cell receptor constant domains and Ig superfamily C-like
domains.” Dev Comp Immunol. 2005;29(3):185-203, the entire contents of which are incorporated by
reference herein). In some embodiments, the amino acid modifications disclosed herein are relative to amino
acid residues at select positions in the WT IgA heavy chain constant region (e.g., WT IgA2 heavy chain
constant region) comprising an amino acid sequence set forth in SEQ ID NO: 1, numbering according to
IMGT scheme. It is noted that US62/824,864 which is incorporated in its entirety herein also includes
antibodies and antibody constructs comprising modified IgA heavy chain constant regions numbered
according to the IMGT numbering scheme. Some amino acids were inadvertently mislabeled therein
and specific amino acid positions as described in US62/824,864 correspond to the following specific
amino acid positions as provided herein. Positions C92, N120, 1121, and T122 as referred to in
US62/824,864 correspond to amino acid residues C86, N114, 1115, and T116 in antibodies described
herein which are correctly labeled as per the IMGT numbering scheme (IMGT numbering depicted
in table 11, for reference to position numbering only). The reference wild type heavy chain constant
region sequence for these antibodies as disclosed in US62/824,864 and the current application is the
same, namely SEQ ID NO:1 as shown in FIG. 1. As such the inadvertent mislabeling in
US62/824,864 of residues C86, N114, 1115, and T116 in the IMGT naming scheme as C92, N120,
1121, and T122 would be evident to the skilled artisan.

[0233] In some embodiments, the IgA antibody disclosed herein comprises a deletion of at least four
glycosylation sites within the constant region. In some embodiments, the IgA antibody disclosed herein
comprises a deletion of at least three N-linked glycosylation sites in the constant region of the antibody. In
some embodiments, the IgA antibody comprises a deletion of at least three N-linked glycosylation sites in the
constant region of the antibody and at least one O-linked glycosylation site in the constant region of the
antibody. In some embodiments, the IgA antibodies, or a functional fragment disclosed herein comprises one
or more modifications disclosed herein (e.g., Table 2) in an IgA heavy chain constant region. In some
embodiments, the IgA antibodies, or a functional fragment disclosed herein comprises one or more
modifications disclosed herein (e.g., Table 2) in an IgA1 heavy chain constant region. In some embodiments,

the IgA antibodies disclosed herein, or a functional fragment disclosed herein comprises one or more



10

15

20

25

30

WO 2020/197400 PCT/NL2020/050217

51

modifications disclosed herein (e.g., Table 2) in an IgA2 heavy chain constant region. In some embodiments,
the one or more modifications are in an amino acid residue within a CHI region, CH2 region and/or CH3
region of a IgA1 heavy chain constant region. In some embodiments,

[0234] In some embodiments, the IgA antibodies comprise a deleted tail piece. In some embodiments, the
one or more modifications are in an amino acid residue within a CH1 region, a CH2 region and/or a CH3
region of an IgA2 heavy chain constant region. In some embodiments, an IgA CH1 region comprises an
amino acid sequence that at least about 80%, 85%, 90%, 95%, 99% or 100% identical to an amino acid
sequence set forth in SEQ ID NO: 109. In some embodiments, a IgA CH2 region comprises an amino acid
sequence that at least about 80%, 85%, 90%, 95%, 99% or 100% identical to an amino acid sequence set forth
in SEQ ID NO: 110. In some embodiments, a IgA CH2 region comprises an amino acid sequence that at least
about 80%, 85%, 90%, 95%, 99% or 100% identical to an amino acid sequence set forth in SEQ ID NO: 111.
In some embodiments, a IgA antibody, or a functional fragment thereof as disclosed herein comprises a
deletion of the 3-20, 3-19, 3-18, 3-17, 3-16, 3-15, 3-14, 3-13, 3-12, 3-11, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4 C-
terminal amino acids. In some embodiments, the IgA2 antibody comprises a deletion of the 3-20, 3-19, 3-18,
3-17, 3-16, 3-15, 3-14, 3-13, 3-12, 3-11, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4 C-terminal amino acids. In some
embodiments, the C-terminal amino acids are from amino acids 131-148 of the IgA2 antibody, numbering
according to IMGT scheme.

[0235] In some embodiments, the IgA2 antibody comprises a deletion of amino acids 131-148, numbering
according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a deletion of amino acids
147-148, numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a
deletion of amino acids 146-148, numbering according to IMGT scheme. In some embodiments, the IgA2
antibody comprises a deletion of amino acids 145-148, numbering according to IMGT scheme. In some
embodiments, the IgA2 antibody comprises a deletion of amino acids 144-148, numbering according to
IMGT scheme. In some embodiments, the IgA2 antibody comprises a deletion of amino acids 143-148,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a deletion of
amino acids 142-148, numbering according to IMGT scheme. In some embodiments, the IgA2 antibody
comprises a deletion of amino acids 141-148, numbering according to IMGT scheme. In some embodiments,
the IgA?2 antibody comprises a deletion of amino acids 140-148, numbering according to IMGT scheme. In
some embodiments, the IgA2 antibody comprises a deletion of amino acids 139-148, numbering according to
IMGT scheme. In some embodiments, the IgA2 antibody comprises a deletion of amino acids 138-148,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a deletion of
amino acids 137-148, numbering according to IMGT scheme. In some embodiments, the IgA2 antibody
comprises a deletion of amino acids 136-148, numbering according to IMGT scheme. In some embodiments,

the IgA?2 antibody comprises a deletion of amino acids 135-148, numbering according to IMGT scheme. In
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some embodiments, the IgA2 antibody comprises a deletion of amino acids 134-148, numbering according to
IMGT scheme. In some embodiments, the IgA2 antibody comprises a deletion of amino acids 133-148,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a deletion of
amino acids 132-148, numbering according to IMGT scheme. In some embodiments, the IgA2 antibody
comprises a deletion of amino acids 131-148, numbering according to IMGT scheme. In some embodiments,
the IgA2 antibody comprises a deletion of amino acids P131-Y148, numbering according to IMGT scheme.
[0236] In some embodiments, the IgA antibody comprises a mutation of the C-terminal asparagine (N)
amino acid. In some embodiments, the mutation is a non-conservative amino acid substitution. In some
embodiments, the mutation deletes the glycosylation site of the C-terminal asparagine (N) amino acid of the
IgA. In some embodiments, the IgA2 antibody comprises a mutation of N135, numbering according to IMGT
scheme. In some embodiments, the IgA2 antibody comprises a non-conservative mutation of N135,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a N135Q
mutation, numbering according to IMGT scheme.

[0237] In some embodiments, the IgA antibody or a functional fragment thereof disclosed herein comprises a
modification in at least two naturally occurring glycosylation sites in the IgA heavy chain constant region. In
some embodiments, the IgA antibody or a functional fragment thereof disclosed herein comprises a
modification in at least three naturally occurring glycosylation sites in the IgA heavy chain constant region. In
some embodiments, the IgA antibody or a functional fragment thereof disclosed herein comprises a
modification in at least four naturally occurring glycosylation site. In some embodiments, the glycosylation
site comprises a N-linked glycosylation site. In some embodiments, the glycosylation site comprises a
naturally occurring asparagine residue. In some embodiments, the glycosylation site is in a CH2 region, in a
CH3 region, and/or a CH1 region. In some embodiments, the IgA heavy chain constant region comprises a
modification at N45.2G, N15.2, L15.3, T16, N114, 1115, T116, N135, or a combination thereof, numbering
according to IMGT scheme. In some embodiments, the IgA heavy chain constant region comprises an amino
acid substitution that is N45.2G, N45.2A, N15.2G, N15.2Q, N15.2T, L15.31, T16S, N114T, I1115L, T116S,
N135Q, or a combination thereof, numbering according to IMGT scheme. In some embodiments, provided
herein is an aglycosylated antibody or a functional fragment thereof. In some embodiments, the aglycosylated
antibody comprises a modification at all four naturally occurring glycosylation site in IgA2 heavy chain
constant region. In some embodiments, an aglycosylated antibody provided herein comprises a modification
at residues; N45.2, N15.2, L15.3, T16, N114, 1115, T116, and N135, numbering according to IMGT scheme.
In some embodiments, an aglycosylated antibody provided herein comprises a modification at residues;
N45.2,N15.2, N114, 1115, T116, and N135, numbering according to IMGT scheme.

[0238] In some embodiments, an aglycosylated antibody provided herein comprises a modification at

residues; N45.2, N15.2, L15.3, T16, N114, 1115, T116, and a deletion of the C-terminal tailpiece residues
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P131-Y148, numbering according to IMGT scheme. In some embodiments, an aglycosylated antibody
provided herein comprises a modification at residues; N45.2, N15.2, N114, [115, T116, and P131-Y 148,
numbering according to IMGT scheme.

[0239] In some embodiments, provided herein is an antibody or a functional fragment thereof that comprises
a modification at residue N45.2, N15.2, L15.3, T16, N114, 1115, T116, and N135, numbering according to
IMGT scheme. In some embodiments, provided herein is an antibody or a functional fragment thereof that
comprises a modification at residue N45.2, N15.2, N114, 1115, T116, and N135, numbering according to
IMGT scheme. In some embodiments, the IgA heavy chain constant region comprises an amino acid
substitution that is N45.2G, N45.2A, N15.2G, N114T, I115L, T116S, and N135Q, numbering according to
IMGT scheme. In some embodiments, the IgA heavy chain constant region comprises an amino acid
substitution that is N45.2G, N45.2A, N15.2Q, L15.31, T16S, N114T, I115L, T116S, and N135Q. In some
embodiments, the IgA heavy chain constant region comprises an amino acid substitution that is N45.2G,
N45.2A, N15.2G, N15.2T, N114T, I115L, T116S, and N135Q, numbering according to IMGT scheme In
some embodiments, an antibody comprises a combination of acid substitution that is N45.2G, N45.2A,
N15.2G, N114T, I115L, T116S, and N135Q in the IgA heavy chain constant region is an aglycosylated
antibody, numbering according to IMGT scheme. In some embodiments, the aglycosylated antibody a
combination of acid substitution that is N45.2G, N45.2A, N15.2G, T16S, N114T, I1115L, T116S, and deletion
of the C-terminal tailpiece.

[0240] In some embodiments, an antibody comprises a combination of acid substitution that is N45.2G,
N45.2A, N15.2Q, N114T, I115L, T116S, and N135Q in the IgA heavy chain constant region is an
aglycosylated antibody, numbering according to IMGT scheme. In some embodiments, the aglycosylated
antibody a combination of acid substitution that is N45.2G, N45.2A, N15.2Q, T16S, N114T, I115L, T116S,
and deletion of the C-terminal tailpiece. In some embodiments, an antibody comprises a combination of acid
substitution that is N45.2G, N45.2A, N15.2T, N114T, I115L, T116S, and N135Q in the IgA heavy chain
constant region is an aglycosylated antibody, numbering according to IMGT scheme. In some embodiments,
the aglycosylated antibody a combination of acid substitution that is N45.2G, N45.2A, N15.2T, T16S,
N114T, I115L, T116S, and deletion of the C-terminal tailpiece. In some embodiments, an antibody comprises
a combination of acid substitution that is N45.2G, N45.2A, N15.2T, L15.31, T16S N114T, I115L, T116S, and
N135Q in the IgA heavy chain constant region is an aglycosylated antibody, numbering according to IMGT
scheme. In some embodiments, the aglycosylated antibody a combination of acid substitution that is N45.2G,
N45.2A, N15.2T, L15.31, T16S, T16S, N114T, I115L, T116S, and deletion of the C-terminal tailpiece.
[0241] In some embodiments, the aglycosylated antibody exhibits increased circulating half-life relative to a
corresponding antibody comprising at least one glycosylation site (e.g., WT residues N45.2, N114, N15.2.
and N135, numbering according to IMGT scheme) or a corresponding WT IgA antibody. In some
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embodiments, the aglycosylated antibody exhibits decreased aggregation relative to a corresponding antibody
comprising at least one glycosylation site (e.g., WT residues N45.2, N114, N15.2. and N135, numbering
according to IMGT scheme) or a WT IgA antibody. In some embodiments, the aglycosylated antibody
exhibits decreased aggregation with serum proteins relative to a corresponding antibody comprising at least
one glycosylation site (e.g., WT residues N45.2, N114, N15.2. and N135, numbering according to IMGT
scheme) or a corresponding WT IgA antibody. In some embodiments, the aglycosylated antibody exhibits
decreased aggregation relative to a corresponding antibody comprising at least one glycosylation site (e.g.,
WT residues N45.2, N114, N15.2. and N135, numbering according to IMGT scheme) or a corresponding WT
IgA antibody. In some embodiments, the aglycosylated antibody exhibits increased thermostability relative to
a corresponding antibody comprising at least one glycosylation site (e.g., WT residues N45.2, N114, N15.2.
and N135, numbering according to IMGT scheme) or a corresponding WT IgA antibody. In some
embodiments, the aglycosylated antibody exhibits binding to Fc receptor with increased binding affinity
relative to a corresponding WT IgA. In some embodiments, the aglycosylated antibody induces ADCC of a
target cell. In some embodiments, the aglycosylated antibody specifically binds a target antigen. In some
embodiments, the aglycosylated antibody specifically binds a target cell.

[0242] In some embodiments, an antibody comprises a mutation of N45.2, numbering according to IMGT
scheme. In some embodiments, the IgA2 antibody comprises a non-conservative mutation of N45.2,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a N45.2G,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody has an increased circulating
half-life compared to an IgA2 antibody that does not have a mutation in the N45.2 amino acid.

[0243] In some embodiments, an antibody comprises a mutation of P124, numbering according to IMGT
scheme. In some embodiments, the IgA2 antibody comprises a non-conservative mutation of P124,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a P124R,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody has an increased circulating
half-life compared to an IgA2 antibody that does not have a mutation in the P124 amino acid. In some
embodiments, the IgA2 antibody has an increased stability compared to an IgA2 antibody that does not have a
mutation in the P124 amino acid.

[0244] In some embodiments, an antibody as described herein comprises a mutation of C86 (inadvertently
referred to as C92 in US 62/824,864 which is incorporated in its entirety herein, as described above),
numbering according to IMGT scheme. In some embodiments, the antibody comprises a non-conservative
mutation of C86, numbering according to IMGT scheme. In some embodiments, the antibody comprises a
C86S, numbering according to IMGT scheme. In some embodiments, the antibody has a decreased
aggregation compared to an antibody that does not have a mutation in the C86 amino acid. In some

embodiments, the antibody has a decreased aggregation with serum proteins compared to an antibody that
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does not have a mutation in the C86 amino acid. In some embodiments, the antibody has a decreased
aggregation in vitro or in vivo compared to an antibody that does not have a mutation in the C86 amino acid.
[0245] In some embodiments, the IgA2 antibody comprises a mutation of C86 according to IMGT scheme.
In some embodiments, the IgA2 antibody comprises a non-conservative mutation of C86, numbering
according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a C86S, numbering
according to IMGT scheme. In some embodiments, the IgA2 antibody has a decreased aggregation compared
to an IgA?2 antibody that does not have a mutation in the C86 amino acid. In some embodiments, the IgA2
antibody has a decreased aggregation with serum proteins compared to an IgA2 antibody that does not have a
mutation in the C86 amino acid. In some embodiments, the IgA2 antibody has a decreased aggregation in
vitro or in vivo compared to an IgA2 antibody that does not have a mutation in the C86 amino acid.

[0246] In some embodiments, the antibody comprises a mutation of N114 (inadvertently referred to as N120
in US 62/824,864 which is incorporated in its entirety herein, as described above), numbering according to
IMGT scheme. In some embodiments, the antibody comprises a non-conservative mutation of N114,
numbering according to IMGT scheme. In some embodiments, the antibody comprises a N114T, numbering
according to IMGT scheme. In some embodiments, the antibody has an increased circulating half-life
compared to an IgA2 antibody that does not have a mutation in the N114 amino acid.

[0247] In some embodiments, the antibody comprises a mutation of I115 (inadvertently referred to as I121 in
US 62/824,864 which is incorporated in its entirety herein, as described above), numbering according to
IMGT scheme. In some embodiments, the antibody comprises a non-conservative mutation of I115,
numbering according to IMGT scheme. In some embodiments, the antibody comprises an 11151, numbering
according to IMGT scheme. In some embodiments, the antibody has an increased circulating half-life
compared to an IgA2 antibody that does not have a mutation in the I115 amino acid.

[0248] In some embodiments, the antibody comprises a mutation of T116 (inadvertently referred to as T122
in US 62/824,864 which is incorporated in its entirety herein, as described above), numbering according to
IMGT scheme. In some embodiments, the antibody comprises a non-conservative mutation of T116,
numbering according to IMGT scheme. In some embodiments, the antibody comprises a T116S, numbering
according to IMGT scheme. In some embodiments, the IgA2 antibody has an increased circulating half-life
compared to an IgA2 antibody that does not have a mutation in the T116 amino acid.

[0249] In some embodiments, the IgA2 antibody comprises a mutation of N114, numbering according to
IMGT scheme. In some embodiments, the IgA2 antibody comprises a non-conservative mutation of N114,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a N14T,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody has an increased circulating

half-life compared to an IgA2 antibody that does not have a mutation in the N114 amino acid.
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[0250] In some embodiments, the IgA2 antibody comprises a mutation of 1115, according to IMGT scheme.
In some embodiments, the IgA2 antibody comprises a non-conservative mutation of I115, numbering
according to IMGT scheme. In some embodiments, the IgA2 antibody comprises an I115L, numbering
according to IMGT scheme. In some embodiments, the IgA2 antibody has an increased circulating half-life
compared to an [gA2 antibody that does not have a mutation in the I115 amino acid.

[0251] In some embodiments, the IgA2 antibody comprises a mutation of T116, numbering according to
IMGT scheme. In some embodiments, the [gA2 antibody comprises a non-conservative mutation of T116,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a T116S,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody has an increased circulating
half-life compared to an IgA2 antibody that does not have a mutation in the T116 amino acid.

[0252] In some embodiments, the IgA2 antibody comprises a mutation of N15.2, according to IMGT
scheme. In some embodiments, the IgA2 antibody comprises a non-conservative mutation of N15.2,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises an N15.2G,
N15.2Q, or N15.2T, numbering according to IMGT scheme. In some embodiments, the IgA2 antibody has an
increased circulating half-life compared to an IgA2 antibody that does not have a mutation in the N15.2
amino acid.

[0253] In some embodiments, the IgA2 antibody comprises a mutation of L15.3, according to IMGT scheme.
In some embodiments, the IgA2 antibody comprises a non-conservative mutation of L15.3, numbering
according to IMGT scheme. In some embodiments, the IgA2 antibody comprises an L15.31, numbering
according to IMGT scheme. In some embodiments, the IgA2 antibody has an increased circulating half-life
compared to an IgA2 antibody that does not have a mutation in the L15.3 amino acid.

[0254] In some embodiments, the IgA2 antibody comprises a mutation of T16, according to IMGT scheme.
In some embodiments, the IgA2 antibody comprises a non-conservative mutation of T16, numbering
according to IMGT scheme. In some embodiments, the IgA2 antibody comprises an T16S, numbering
according to IMGT scheme. In some embodiments, the IgA2 antibody has an increased circulating half-life
compared to an [gA2 antibody that does not have a mutation in the T16S amino acid.

[0255] In some embodiments, the IgA2 antibody comprises a mutation of C147, numbering according to
IMGT scheme. In some embodiments, the IgA2 antibody comprises a non-conservative mutation of C147,
numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a deletion of
amino acid C147, numbering according to IMGT scheme. In some embodiments, the IgA2 antibody has a
decreased aggregation compared to an IgA2 antibody that does not have a mutation in the C147 amino acid.
[0256] In some embodiments, the IgA2 antibody comprises a mutation of Y 148, numbering according to

IMGT scheme. In some embodiments, the IgA2 antibody comprises a non-conservative mutation of Y148,
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numbering according to IMGT scheme. In some embodiments, the IgA2 antibody comprises a deletion of
amino acid Y148, numbering according to IMGT scheme.

[0257] In some embodiments, the IgA antibody comprises one or more albumin binding domains. In some
embodiments, the one or more albumin binding domains are fused to a light chain or heavy chain of a IgA
constant region. In some embodiments, the one or more albumin binding domains are fused to a heavy chain
of a IgA constant region. In some embodiments, the one or more albumin binding domains are fused to a C-
terminal region of a CH3 region of a heavy chain of a IgA constant region. In some embodiments, the IgA2
antibody has an increased circulating half-life compared to an IgA2 antibody that does not comprise one or
more albumin binding domains. In some embodiments, the IgA2 antibody comprises one or more albumin
binding domain and has circulating half-life within that of 1%, 5%, or 10% of a corresponding IgG antibody.
In some embodiments, the IgA2 antibody comprises one or more albumin binding domain and has circulating
half-life greater than that of a corresponding IgG antibody.

[0258] In some embodiments, the IgA antibody comprises one or more mutations described in Lohse S. et al.
Cancer Res. 2015; 76(2):403-17; Meyer S. et al. mAbs. 2016; 8(1):87-98; or Leusen J. et al. Molecular
Immunology. 2015; 68: 35-39.

[0259] In some embodiments, the one or more mutation or deletion results in increased or decreased
circulating half-life of the IgA antibody. In some embodiments, the one or more mutation or deletion results
in increased circulating half-life of the IgA antibody. For example, the one or more mutations can increase the
serum half-life of the IgA antibody to up to 21 days or more in humans. Furthermore, the one or more
mutations can increase the serum half-life of the IgA antibody to up to 9 days or more in mice. In some
embodiments, the one or more mutations can increase the serum half- life of the IgA antibody to a level
comparable to that of an immunoglobulin G (IgG) molecule. In some embodiments, the one or more mutation
or deletion results in decreased circulating half-life of the IgA antibody.

[0260] In some embodiments, the one or more mutations can increase the serum half-life of the IgA antibody
for at least about 7 days to about 30 days or more. In some embodiments, the one or more mutations can
increase the serum half-life of the IgA antibody for at least about 7 days. In some embodiments, the one or
more mutations can increase the serum half-life of the IgA antibody for at most about 30 days. In some
embodiments, the one or more mutations can increase the serum half-life of the IgA antibody for about 7 days
to about 8 days, about 7 days to about 9 days, about 7 days to about 10 days, about 7 days to about 15 days,
about 7 days to about 20 days, about 7 days to about 25 days, about 7 days to about 30 days, about 8 days to
about 9 days, about 8 days to about 10 days, about 8 days to about 15 days, about 8 days to about 20 days,
about 8 days to about 25 days, about 8 days to about 30 days, about 9 days to about 10 days, about 9 days to
about 15 days, about 9 days to about 20 days, about 9 days to about 25 days, about 9 days to about 30 days,
about 10 days to about 15 days, about 10 days to about 20 days, about 10 days to about 25 days, about 10
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days to about 30 days, about 15 days to about 20 days, about 15 days to about 25 days, about 15 days to about
30 days, about 20 days to about 25 days, about 20 days to about 30 days, or about 25 days to about 30 days. In
some embodiments, the one or more mutations can increase the serum half-life of the IgA antibody for about
7 days, about 8 days, about 9 days, about 10 days, about 15 days, about 20 days, about 25 days, or about 30
days. Accordingly, in some embodiments, the antibodies or a functional fragment thereof disclosed herein
exhibit a greater circulating half-life compared to a corresponding WT IgA antibody. In some embodiments,
the antibodies exhibit a circulating half-life that is greater by at least about 2%, 5%, 10%, 12%, 15%, 20%, at
25%, 50 %, 65%, 10%., 15%, 85%, 90%, 95%, 99%, 100%, 150%, and 200%, relative to a corresponding WT
IgA antibody.

[0261] In some embodiments, the IgA antibody exhibits increased stability. In some embodiments, the one or
more mutation and/or one or more deletion results in increased stability of the IgA antibody compared to a
corresponding IgA antibody which does not comprise the one or mutation and/or one or more deletion.
[0262] In some embodiments, the IgA antibody exhibits decreased aggregation. Antibody aggregation is a
more common manifestation of physical instability. Protein aggregates generally have reduced activity and
more importantly, greater immunogenicity potential because of the multiplicity of epitopes and/or
conformational changes. Immunoglobulin aggregates are known to cause serious renal failure and
anaphylactoid reactions such as headache, fever, and chills. It is therefore advantageous to decrease
aggregation in antibody therapeutics. Additionally, the aggregate level in commercial intravenous
immunoglobulin products is limited to less than 5% based on the World Health Organization (WHO)
standards. In some embodiments, the one or more mutations results in decreased aggregation. In some
embodiments, the one or more mutation and/or one or more deletion results in decreased aggregation of the
IgA antibody compared to a corresponding IgA antibody which does not comprise the one or mutation and/or
one or more deletion. In some embodiments, the antibodies or a functional fragment thereof disclosed herein
exhibit a decreased aggregation compared to a corresponding WT IgA antibody. In some embodiments, the
antibodies exhibit aggregation that is decreased by at least about 2%, at least 5%, at least 10%, at least 12%,
at least 15%, at least 20%, at least 25%, at least 50 %, at least 65%, at least 70%, at least 75%, at least 85%, at
least 90%, at least 95%, at least 99%, at least 100%, at least 150%, and at least 200%, relative to a
corresponding WT IgA antibody. In some embodiments, the antibodies or a functional fragment thereof
disclosed herein exhibit a decreased aggregation with serum protein compared to a corresponding WT IgA
antibody. In some embodiments, the antibodies exhibit aggregation that is decreased by at least 2%, at least
5%, at least 10%, at least 12%, at least 15%, at least 20%, at least 25%, at least 50 %, at least 65%, at least
70%, at least 75%, at least 85%, at least 90%, at least 95%, at least 99%, at least 100%, at least 150%, and at
least 200%, relative to a corresponding WT IgA antibody.
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[0263] In some embodiments, the IgA antibodies provided herein have an aggregate level ranging from at
least about 0.1 % to about 5 % at most. In some embodiments, the IgA antibodies provided herein have an
aggregate level ranging from at least about 0.1 %. In some embodiments, the IgA antibodies provided
herein have an aggregate level ranging from at most about 5 %. In some embodiments, the IgA antibody’s
provided herein have an aggregate level ranging from about 0.1 % to about 0.5 %, about 0.1 % to about 1
%, about 0.1 % to about 2 %, about 0.1 % to about 3 %, about 0.1 % to about 4 %, about 0.1 % to about 5
%, about 0.5 % to about 1 %, about 0.5 % to about 2 %, about 0.5 % to about 3 %, about 0.5 % to about 4
%, about 0.5 % to about 5 %, about 1 % to about 2 %, about 1 % to about 3 %, about 1 % to about 4 %,
about 1 % to about 5 %, about 2 % to about 3 %, about 2 % to about 4 %, about 2 % to about 5 %, about 3
% to about 4 %, about 3 % to about 5 %, or about 4 % to about 5 %. In some embodiments, the IgA
antibodies provided herein have an aggregate level ranging from about 0.1 %, about 0.5 %, about 1 %,
about 2 %, about 3 %, about 4 %, or about 5 %.

[0264] Therapeutic antibodies disclosed herein may comprise synthetic amino acids in place of one or more
naturally-occurring amino acids. Such synthetic amino acids are known in the art, and include, for example,
aminocyclohexane carboxylic acid, norleucine, a-amino n-decanoic acid, homoserine, S-acetylaminomethyl-
cysteine, trans-3- and trans-4-hydroxyproline, 4- aminophenylalanine, 4-nitrophenylalanine, 4-
chlorophenylalanine, 4-carboxyphenylalanine, - phenylserine 3-hydroxyphenylalanine, phenylglycine, o-
naphthylalanine, cyclohexylalanine, cyclohexylglycine, indoline-2-carboxylic acid, 1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid, aminomalonic acid, aminomalonic acid monoamide, N’-benzyl-N’-
methyl-lysine, N’ ,N’- dibenzyl-lysine, 6-hydroxylysine, ornithine, ac-aminocyclopentane carboxylic acid, a-
aminocyclohexane carboxylic acid, a-aminocycloheptane carboxylic acid, a-(2-amino-2- norbornane)-
carboxylic acid, a,y-diaminobutyric acid, a,B-diaminopropionic acid, homophenylalanine, and a-tert-
butylglycine.

[0265] Methods of substituting or deleting amino acids are known in the art. For example, amino acid
substitutions or deletions can be made by site-directed mutagenesis (for example, Zoller and Smith Nucl.
Acids Res. 10:6487 (1982)). Mutagenesis can be performed by synthesizing an oligonucleotide having one or
more modifications within the sequence of the constant domain of an antibody to be modified. The antibodies
of the present disclosure (e.g., comprising one or more modifications in the IgA heavy chain constant region)
can be prepared using any mutagenesis procedure known in the art, such as site-directed mutagenesis,
synthetic gene construction, semi-synthetic gene construction, random mutagenesis, shuffling, etc. Site-
specific mutagenesis allows the production of mutants through the use of specific oligonucleotide sequences
which encode the DNA sequence of the desired mutation, as well as a sufficient number of adjacent
oligonucleotides to provide a primer sequence of sufficient size and sequence complexity to form a stable

duplex on both sides of the deletion junction being traversed. Typically, a primer of about 17 to about 75
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nucleotides or more in length is preferred, with about 10 to about 25 or more residues on both sides of the
junction of the sequence being altered. A number of such primers introducing a variety of different mutations
at one or more positions may be used to generate a library of mutants.

[0266] The technique of site-specific mutagenesis is well known in the art, (see, e.g., Kunkel et al., Methods
Enzymol,, 154:367-82, 1987). In general, site-directed mutagenesis is performed by first obtaining a single-
stranded vector or melting apart of two strands of a double stranded vector which includes within its sequence
a DNA sequence which encodes the desired peptide. An oligonucleotide primer bearing the desired mutated
sequence is prepared, generally synthetically. This primer is then annealed with the single-stranded vector,
and subjected to DNA polymerizing enzymes such as T7 DNA polymerase, in order to complete the synthesis
of the mutation-bearing strand. Thus, a heteroduplex is formed wherein one strand encodes the original non-
mutated sequence and the second strand bears the desired mutation. This heteroduplex vector is then used to
transform or transfect appropriate cells, such as E. coli cells, and clones are selected which include
recombinant vectors bearing the mutated sequence arrangement. As will be appreciated, the technique
typically employs a phage vector which exists in both a single stranded and double stranded form. Typical
vectors useful in site-directed mutagenesis include vectors such as the M 13 phage. These phage are readily
commercially available and their use is generally well known to those skilled in the art. Double stranded
plasmids are also routinely employed in site directed mutagenesis which eliminates the step of transferring the
gene of interest from a plasmid to a phage. Site directed mutagenesis has also been used to identify amino
acid residues that influence plasma clearance of murine 1gG1 hinge-Fc fragments as described in Kim Jin-
Kyoo et al., (1994) Eur. J. Immunol. 24:542-548).

[0267] Alternatively, the use of PCR with commercially available thermostable enzymes such as Tag DNA
polymerase may be used to incorporate a mutagenic oligonucleotide primer into an amplified DNA fragment
that can then be cloned into an appropriate cloning or expression vector. See, e.g., Tomic et al., Nucleic Acids
Res., 18(6):1656, 1987, and Upender et al., Biotechniques, 18(1):29-30, 32, 1995, for PCR-mediated
mutagenesis procedures. PCR employing a thermostable ligase in addition to a thermostable polymerase may
also be used to incorporate a phosphorylated mutagenic oligonucleotide into an amplified DNA fragment that
may than be cloned into an appropriate cloning or expression vector (see e.g., Michael, Biotechniques,
16(3):410-2, 1994).

[0268] Other methods known to those of skill in art of producing sequence variants of the Fc region of an
antibody or an FcR binding domain thereof can be used. For example, recombinant vectors encoding the
amino acid sequence of the constant domain of an antibody or a fragment thereof may be treated with
mutagenic agents, such as hydroxylamine, to obtain sequence variants. Mutants that result in desirable
properties, example, increased ADCC, decreased aggregation, increased affinity for FcR and/or increased in

vivo half-life can be screened using routine assays such as those described later.
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[0269] Synthetic gene construction entails in vitro synthesis of a designed polynucleotide molecule to encode
a polypeptide of interest. Gene synthesis can be performed utilizing a number of techniques, such as the
multiplex microchip-based technology described by Tian et al. (2004, Nature 432: 1050-1054) and similar
technologies wherein oligonucleotides are synthesized and assembled upon photo-programmable microfluidic
chips. Single or multiple amino acid substitutions, deletions, and/or insertions can be made and tested using
known methods of mutagenesis, recombination, and/or shuffling, followed by a relevant screening procedure,
such as those disclosed by Reidhaar-Olson and Sauer, 1988, Science 241: 53-57; Bowie and Sauer, 1989,
Proc. Natl. Acad. Sci. USA 86: 2152-2156; WO 95/17413 ; or WO 95/22625 . Other methods that can be used
include error-prone PCR, phage display (e.g., Lowman et al., 1991, Biochemistry 30: 10832-10837; U.S.
Patent No. 5,223,409 ; WO 92/06204 ) and region-directed mutagenesis (Derbyshire et al., 1986, Gene 46:
145; Ner et al., 1988, DNA 7: 127).

[0270] Mutagenesis/shuffling methods can be combined with high-throughput, automated screening methods
to detect activity of cloned, mutagenized polypeptides expressed by host cells (Ness et al., 1999, Nature
Biotechnology 17: 893-896). Mutagenized DNA molecules that encode active polypeptides can be recovered
from the host cells and rapidly sequenced using standard methods in the art. These methods allow the rapid
determination of the importance of individual amino acid residues in a polypeptide.

[0271] Semi-synthetic gene construction is accomplished by combining aspects of synthetic gene
construction, and/or site-directed mutagenesis, and/or random mutagenesis, and/or shuffling. Semi-synthetic
construction is typified by a process utilizing polynucleotide fragments that are synthesized, in combination
with PCR techniques. Defined regions of genes may thus be synthesized de novo, while other regions may be
amplified using site-specific mutagenic primers, while yet other regions may be subjected to error-prone PCR
or non-error prone PCR amplification. Polynucleotide subsequences may then be shuffled.

Other Covalent Modifications

[0272] Covalent modifications of the antibody are also included within the scope of this invention. They may
be made by chemical synthesis or by enzymatic or chemical cleavage of the antibody, if applicable. Other
types of covalent modifications of the antibody are introduced into the molecule by reacting targeted amino
acid residues of the antibody with an organic derivatizing agent that is capable of reacting with selected side
chains or the N- or C-terminal residues.

[0273] Cysteinyl residues most commonly are reacted with a haloacetate (and corresponding amines), such
as chloroacetic acid or chloroacetamide, to give carboxymethyl or carboxyamidomethyl derivatives. Cysteinyl
residues also are derivatized by reaction with bromotrifluoroacetone, alpha-bromo-(5 imidozoyl)propionic
acid, chloroacetyl phosphate, N-alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p-

chloromercuribenzoate, 2-chloromercuri-4-nitrophenol, or chloro-7-nitrobenzo-2-oxa-1,3-diazole.
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[0274] Histidyl residues are derivatized by reaction with diethylpyrocarbonate at pH 5.5-7.0 because this
agent is relatively specific for the histidyl side chain. Para-bromophenacyl bromide also is useful; the
reaction is preferably performed in 0.1 M sodium cacodylate at pH 6.0. Lysinyl and amino-terminal residues
are reacted with succinic or other carboxylic acid anhydrides. Derivatization with these agents has the effect
of reversing the charge of the lysinyl residues. Other suitable reagents for derivatizing alpha amino-containing
residues include imidoesters such as methyl picolinimidate, pyridoxal phosphate, pyridoxal,
chloroborohydride, trinitrobenzenesulfonic acid, methylisourea, 2,4-pentanedione, and transaminase-
catalyzed reaction with glyoxylate.

[0275] Arginyl residues are modified by reaction with one or several conventional reagents, among them
phenylgly-oxal, 2,3-butanedione, 1,2-cyclohexanedione, and ninhydrin. Derivatization of arginine residues
requires that the reaction be performed in alkaline conditions because of the high pKa of the guanidine
functional group. Furthermore, these reagents may react with the groups of lysine as well as the arginine
epsilon-amino group.

[0276] The specific modification of tyrosyl residues may be made, with particular interest in introducing
spectral labels into tyrosyl residues by reaction with aromatic diazonium compounds or tetranitromethane.
Most commonly, N-acetylimidizole and tetranitromethane are used to form O-acetyl tyrosyl species and 3-
nitro derivatives, respectively. Tyrosyl residues are iodinated using 1251 or 1311 to prepare labeled proteins
for use in radioimmunoassay. Carboxyl side groups (aspartyl or glutamyl) are selectively modified by
reaction with carbodiimides (R-N. dbd.C.dbd.N-R'"), where R and R' are different alkyl groups, such as 1-
cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or 1-ethyl-3-(4-azonia-4,4-dimethylpentyl)carbodiimide.
Furthermore, aspartyl and glutamyl residues are converted to asparaginyl and glutaminyl residues by reaction
with ammonium ions.

[0277] Glutaminyl and asparaginyl residues are frequently deamidated to the corresponding glutamyl and
aspartyl residues, respectively. These residues are deamidated under neutral or basic conditions. The
deamidated form of these residues falls within the scope of this invention. Other modifications include
hydroxylation of proline and lysine, phosphorylation of hydroxyl groups of seryl or threonyl residues,
methylation of the alpha amino groups of lysine, arginine, and histidine side chains (T. E. Creighton, Proteins:
Structure and Molecular Properties, W.H. Freeman & Co., San Francisco, pp. 79-86 (1983)), acetylation of
the N-terminal amine, and amidation of any C-terminal carboxyl group.

[0278] Another type of covalent modification involves chemically or enzymatically coupling glycosides to
the antibody. These procedures are advantageous in that they do not require production of the antibody in a
host cell that has glycosylation capabilities for N- or O-linked glycosylation. Depending on the coupling
mode used, the sugar(s) may be attached to (a) arginine and histidine, (b) free carboxyl groups, (c) free

sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups such as those of serine, threonine, or
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hydroxyproline, (e) aromatic residues such as those of phenylalanine, tyrosine, or tryptophan, or (f) the amide
group of glutamine. These methods are described in WO871 05330 published 11 Sep. 1987, and in Aplin and
Wriston, CRC Crit. Rev. Biochem., pp. 259-306 (1981).

[0279] Removal of any carbohydrate moieties present on the antibody may be accomplished chemically or
enzymatically. Chemical deglycosylation requires exposure of the antibody to the compound
trifluoromethanesulfonic acid, or an equivalent compound. This treatment results in the cleavage of most or
all sugars except the linking sugar (N-acetyl- glucosamine or N-acetylgalactosamine), while leaving the
antibody intact. Chemical deglycosylation is described by Hakimuddin, et al. Arch. Biochem. Biophys. 259:
52 (1987) and by Edge et al. Anal. Biochem., 118: 131 (1981). Enzymatic cleavage of carbohydrate moieties
on antibodies can be achieved by the use of a variety of endo- and exoglycosidases as described by Thotakura
et al. Meth. Enzymol. 138: 350 (1987).

[0280] Another type of covalent modification of the antibody comprises linking the antibody to one of a
variety of nonproteinaceous polymers, e.g., polyethylene glycol, poly- propylene glycol, polyoxyethylated
polyols, polyoxyethylated sorbitol, polyoxyethylated glucose, polyoxyethylated glycerol, polyoxyalkylenes,
or polysaccharide polymers such as dextran. Such methods are known in the art, see, e.g. U.S. Pat. Nos.
4,640,835; 4,496,689; 4,301,144: 4,670,417; 4,791,192, 4,179,337, 4,766,106, 4,179,337, 4,495,285,
4,609,546 or EP 315 456.

[0281]

IgA Antibody Targets

[0282] The IgA antibodies described herein can be used to target an antigen expressed on the surface of a
cell. In some embodiments, the IgA antibody comprises an antigen binding region that specifically binds to an
antigen expressed on the surface of a target cell (e.g., cancer cell). In some embodiments, the antigen is a
human antigen. In some embodiments, the target cell is a human cell. In some embodiments, the IgA antibody
comprises an antigen binding domain that specifically binds to an antigen of one of the following proteins:
CD20, GD2, CD47, CD38, EGFR, HER2, PD-L1, CD25, CD33, BCMA, CD44, CD21, CD64, a-Folate
receptor, CAIX, CD30, ROR1, CEA, EGP-2, EGP-40, HER3, Folate-binding Protein, GD3, IL-13R-a2, KDR,
EDB-F, mesothelin, EGFR, MUC-1, MAGE-A1, MUC16, h5T4, PSMA, TAG-72, EGFRvVIII, CD123,
VEGF-R2, BCMA, CD19, CD22, CD30, CD33, CD123, CD38, CD44, CD70, CD274, CD45, CD123,
CD138, CD171, ROR1, EGFR, EphA2, FBP, FAP, CEA, EGP2, EGP40, TAG72, PSMA, PSA, PAP, hsp70-
2, M-CSF, LAGE-la, p53, NKG2D ligand, B7-H6, IL-13 R . 2, IL-11 R o, MUCI1, MUCI16, CA9, GD3,
HMW-MAA, CD171, Lewis Y, G250/CAIX, HLA-AI MAGE Al, HLA-A2 NY-ESO-1, PSC1, PCTA-1,
MAGE, ELF2M, IGF-L, IGF-II, IGF-I receptor, hTERT, WT1, MUC1, LMP2, HPV16, HPV18, RGLA4,
MelanA, MART, ML-IAP, AFP, BCR, ABL, CYP1B1, PLACI1, BORIS, NY-BR-1, RGS5, SART3, EphA2,
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Glypican-3, 5T4, 8H9, avp6 integrin, B7-H3, B7-H6, CAIX, CA9, CSPG4, EGP2, EGP40, EPCAM, ERBB3,
ERBB4, ErbB3/4, FAP, FAR, FBP, KDR, MCSP, Mucl, Mucl6, NCAM, PRAME, ROR1, CD44v7/8, 8H9,
NCAM, VEGF-R, TAG72, RAGE-1, MN-CA IX, RU1, RU2 (AS), fetal AchR, TEM1, TEMS8, PAXS, OY-
TES1, LCK, HMWMAA, AKAP-4, SSX2, XAGE 1, tie 2, PDGFR-B, kallikrein 4, PBF, PRAME, HSDL1,
CA125, TADG-12, MUC16, mannan-MIC-1, HERV-K-MEL, KK-LC-1, KM-HN-1, LAGE-1, MAGE-A4,
SP17, SSX4, TAG1, TAG2, ENAH, mammaglobin-A, NY-BR-1, BAGE-1, HERV-K-MEL, KK-LC-1, KM-
KN-1, LAGE1, MAGE1A, MAGEA2, mucink, TRAG3, c-myc, cyclin B1, p62, DKK1, RU2AS, k-ras, ME1,
NFYC, STEAPI1, FGF5, RU2AS, hsp70-2, ARTC1, B-RAF, beta-catenin, CDC27, CDK4, CDK12,
CDKN2A, CLPP, CSNK1A1, EN1, GAS7, GPNMB, HAUS3, LDLR-fucosyltransferase, MART2, MATN,
MUMI1, MUM2, MUM3, neo-PAP, myosin, PPP1R3B, PRDXS5, PTPRK, RBAF600, SIRT2, SNRPD1,
trioephosphate isomerase, OA1, RAB38, TRP1, TRP2, melan-A, BAGE1, GAGE1, GAGE2, GAGES,
GAGE3, GAGE4, GAGES, GAGE6, GAGE7, GNTVF, LY6K, TRAG3, CASPS8, SAGE, DEK-CAN,
EFTUD2, FLT3-ITD, cyclin A1, FNDC3B, MAGEAG, G250, hepsin, intestinal carboxyl esterase, PBF,
CASPS, COA1, OGT, 0S9, CALCA, MDM?2, alpha actinin4, elongation factor 2, fos-related antigen 1,
legumain, sperm protein 17, carbonic anhydrase IX, folate receptor-a, neutrophil elastase, ephrinB2, glioma-
associated antigen, f-human chorionic gonadotropin, alphafetoprotein thyroglobulin, telomerase reverse

transcriptase, intestinal carboxy esterase, prostein, or survivin.

Ganglioside G2

[0283] In some embodiments, the IgA antibody or a functional fragment thereof disclosed herein (i.e.,
antibodies comprising one or more modifications disclosed herein in the IgA heavy chain constant region)
specifically binds GD2. In some embodiments, the IgA antibody binds O-acetylated GD2. In some
embodiments, the IgA antibody binds GD2 and does not bind O-acetylated GD2. In some embodiments, the
IgA antibody binds O-acetylated GD2 and does not bind GD2. In some embodiments, the antibody binds
GD2 and binds O-acetylated GD2. In some embodiments, an antibody or a functional fragment disclosed
herein specifically binds a human GD2 polypeptide. The polypeptide and coding nucleic acid sequences of
GD2 of human origin and those of a number of animals are publicly available, e.g., from the NCBI website.
[0284] In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody
ch14.18. In some embodiments, the IgA antibody comprises one, two, or three of CDR1, CDR2, or CDR3 of
the heavy chain of antibody ch14.18. In some embodiments, the IgA antibody comprises one, two, or three of
CDR1, CDR2, or CDR3 of the light chain of antibody ch14.18. In some embodiments, the IgA antibody
comprises one, two, or three of CDR1, CDR2, or CDR3 of the heavy chain of antibody ch14.18, and one, two,
or three of CDR1, CDR2, or CDR3 of the light chain of antibody ch14.18. In some embodiments, the IgA
antibody comprises CDR1, CDR2, or CDR3 of the heavy chain of antibody ch14.18, and CDR1, CDR2, or
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CDR3 of the light chain of antibody ch14.18. In some embodiments, the IgA antibody comprises at least
CDR3 of the heavy chain of antibody ch14.18 and an IgA hinge. In some embodiments, the IgA antibody
comprises at least CDR3 of the heavy chain of antibody ch14.18 an IgA hinge, a CH1 IgA region. In some
embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody ch14.18 an IgA
hinge, a CH1 IgA region, and a CH2 IgA region. In some embodiments, the IgA antibody comprises at least
CDR3 of the heavy chain of antibody ch14.18 an IgA hinge, a CH1 IgA region, a CH2 IgA region, and a CH3
IgA region. In some embodiments, the IgA antibody comprises a heavy chain variable region comprising the
amino acid sequence:
EVOLLOSGPELEKPGASVMISCKASGSSETGYNMNWVRONIGKSLEWIGAIDPYYGGTSYNQKFKGRATLTVD
KSSSTAYMHLKSLTSEDSAVYYCVSGMEYWGQGTSVTVSS [SEQ ID NO: 4]. In some embodiments, the IgA
antibody comprises a light chain variable region comprising the amino acid sequence:
EIVMTQSPATLSVSPGERATLSCRSSQSLVHRNGNTYLHWYLQKPGQSPK
LLIHKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQSTHVPPLTFGAGTKLELK [SEQ ID NO:
5]. In some embodiments, the IgA antibody comprises a heavy chain variable region comprising the amino
acid sequence:
EVOLLOSGPELEKPGASVMISCKASGSSEFTGYNMNWVRONIGKSLEWIGAIDPYYGGTSYNQKFKGRATLTVD
KSSSTAYMHLKSLTSEDSAVYYCVSGMEYWGQGTSVTVSS [SEQ ID NO: 4], and a light chain variable
region comprising the amino acid sequence:
EIVMTQSPATLSVSPGERATLSCRSSQSLVHRNGNTYLHWYLQKPGQSPKLLIHKVSNRESGVPDRESGSGSG
TDFTLKISRVEAEDLGVYFCSQSTHVPPLTFGAGTKLELK [SEQ ID NO: 5].

[0285] In some embodiments, the IgA antibody comprises a variable heavy chain comprising one or more of:
CDR1 comprising the amino acid sequence: EFTFTDYY [SEQ ID NO: 10]; CDR2 comprising the amino acid
sequence: IRNRANGYTT [SEQ ID NO: 11]; CDR3 comprising the amino acid sequence: ARVSNWAFDY
[SEQ ID NO: 12]. In some embodiments, the IgA antibody comprises a variable light chain comprising one or
more of: CDR1 comprising the amino acid sequence: QSLLKNNGNTFL [SEQ ID NO: 13]; CDR2 comprising
the amino acid sequence: KVS [SEQ ID NO: 14]; CDR3 comprising the amino acid sequence: SQSTHIPYT
[SEQID NO: 15].

[0286] In some embodiments, the IgA antibody comprises a variable heavy chain comprising one or more of:
CDR1 comprising the amino acid sequence: EFTFTDYY [SEQ ID NO: 10]; CDR2 comprising the amino acid
sequence: IRNRANGYTT [SEQ ID NO: 11]; CDR3 comprising the amino acid sequence: ARVSNWAFDY
[SEQ ID NO: 12]; and a variable light chain comprising one or more of: CDR1 comprising the amino acid
sequence: QSLLKNNGNTFL [SEQ ID NO: 13]; CDR2 comprising the amino acid sequence: KvS [SEQ ID
NO: 14]; CDR3 comprising the amino acid sequence: SQSTHIPYT [SEQ ID NO: 15].
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[0287] In some embodiments, the anti-GD2 IgA antibody comprises one or more of (e.g., two, three, four,
five, or six) HC-CDR1, HC-CDR2, HC-CDR3, LC-CDR1, LC-CDR2, LC-CDR3 of 3F8 antibody. In some
embodiments, the anti-GD2 antibody comprises a variable heavy and/or variable light chain of 3F8 antibody.
[0288] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprises one or more variable regions selected from the group consisting of (a) VH comprising the amino
acid sequence of SEQ ID NO: 4, (b) VL comprising the amino acid sequence of SEQ ID NO: 5, and (c) a
combination thereof.

[0289] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, two, three, four, five, or six CDRs selected from (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 34; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 42; (c)
HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 50; (d) LC-CDR1 comprising the amino acid
sequence of SEQ ID NO: 58; (e) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 66; and (f)
LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 74.

[0290] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VH CDR sequences selected from (a) HC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 34; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 42; and (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 50; and (d) a VL comprising
the amino acid sequence of SEQ ID NO: 5.

[0291] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 58; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 66; and (c) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 74; and a VH comprising the
amino acid sequence of SEQ ID NO: 4.

[0292] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising the CDRs: HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 50; and LC-CDR3
comprising the amino acid sequence of SEQ ID NO: 74.

[0293] In one aspect, the disclosure herein provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 58; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 66 and (c) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 74. In one aspect, the
disclosure provides an antibody or antigen-binding fragment thereof comprising at least one, at least two, or
all three VH CDR sequences selected from (a) HC-CDR1 comprising the amino acid sequence of SEQ ID
NO: 34; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 42 and (c) HC-CDR3 comprising
the amino acid sequence of SEQ ID NO: 50.



10

15

20

25

30

WO 2020/197400 PCT/NL2020/050217

67

[0294] In one aspect, the disclosure provides an antibody or antigen-binding fragment thereof comprising the
CDRs: (a) HC-CDRI1 comprising the amino acid sequence of SEQ ID NO: 34; (b) HC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 42; (¢) HC-CDR3 comprising the amino acid sequence of SEQ ID NO:
50; (d) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 58; (¢) LC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 66; and (f) LC-CDR3 comprising the amino acid sequence of SEQ ID
NO: 74.

[0295] In one aspect, an antibody or antigen-binding fragment thereof comprises a VH sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid
sequence of SEQ ID NO: 4. In some embodiments, a VH sequence having at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions),
insertions, or deletions relative to the reference sequence, but an antibody or antigen-binding fragment thereof
comprising that sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino
acids have been substituted, inserted and/or deleted in the amino acid sequence of SEQ ID NO: 4. In some
embodiments, substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VH sequence of the amino acid
sequence of SEQ ID NO: 4, including post-translational modifications of that sequence. In a particular
embodiment, the VH comprises one, two or three CDRs selected from: (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 34, (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 42, and
(c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 50.

[0296] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a light chain variable domain (VL) having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ
ID NO: 5. In some embodiments, a VL sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or deletions
relative to the reference sequence, but an antibody or antigen-binding fragment thereof comprising that
sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino acids have been
substituted, inserted and/or deleted in any one of the amino acid sequence of SEQ ID NO: 5. In some
embodiments, the substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VL sequence of SEQ ID NO: 5,
including post-translational modifications of that sequence. In a particular embodiment, the VL comprises
one, two or three CDRs selected from (a) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 58;
(b) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 66; and (c) LC-CDR3 comprising the
amino acid sequence of SEQ ID NO: 74.
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[0297] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a VH as in any of the embodiments provided above, and a VL as
in any of the embodiments provided above. In some embodiments, the antibody comprises a VH comprising
the amino acid sequence of SEQ ID NO: 4, and a VL sequence in SEQ ID NO: 5, including post-translational
modifications of those sequences. In some embodiments, the antibody or antigen binding fragment thereof
comprises a IgA heavy chain constant region having at least 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97 %,
98%. 99%, or 100% sequence identity to the amino acid sequence of any one of SEQ ID NOs: 16-21. In some
embodiments, the antibody or antigen binding fragment thereof comprises a kappa light chain constant region

of SEQ ID NO: 31.

CD20

[0298] In some embodiments, the IgA antibody specifically binds CD20. In some embodiments, the IgA
antibody comprises an antigen binding domain that comprises a Type II or a Type I/Il CD20 binding region.
In some embodiments, an antibody or a functional fragment disclosed herein specifically binds a human
CD20 polypeptide. The polypeptide and coding nucleic acid sequences of CD20 of human origin and those of
a number of animals are publicly available, e.g., from the NCBI website. In some embodiments, the IgA
antibody comprises an antigen binding domain which specifically binds to a CD20 epitope, wherein said
CD20 epitope is within the following amino acid sequence: YNCEPANPSEKNSPSTQYCYS [SEQ ID NO:
6].

[0299] In some embodiments, the variable region of the CD20 antibody is described in PCTNL2017050581,
which is incorporated by reference herein in it is entirety. In some embodiments, the heavy chain variable
region comprises one, two, or three of CDR1, CDR2, OR CDR3 within the following amino acid sequence:
QAYLOOSGAELVRPGASVKMSCKASGYTET
SYNLHWVKQTPROGLEWIGAIYPGNGDTSYNQKFKGKATLTVDKSSSTAYMOLSRLTSED
SAVYFCARSNSYGSTYWYFDVWGTGTTVTVSS [SEQ ID NO: 7]. In some embodiments, the light chain
variable region comprises one, two, or three of CDR1, CDR2, OR CDR3 within the following amino acid
sequence: QIVLSQSPAVLEASPGEKVTIMTCRARSSVSYMDWYQQKPRSSPKPWIYATSNLASGVPARESGSG
SGTSYSLTISRVEAEDAATYYCQQWISNPPTFGSGTKLEIKRADAAPTVSIFPPSS [SEQ ID NO: 8].

[0300] In some embodiments, the heavy chain variable region comprises the following amino acid sequence:
QAYLOQSGAELVRPGASVKMSCKASGYTEFTSYNLHWVKQTPROGLEWIGAIYPGNGDTSYNQKFKGKATLTVD
KSSSTAYMQLSRLTSED SAVYFCARSNSYGSTYWYFDVWGTGTTVTVSS [SEQ ID NO: 7]. In some
embodiments, the light chain variable region comprises the following amino acid sequence:
QIVLSQSPAVLFASPGEKVTMTCRARSSVSYMDWYQQKPRSSPKPWIYATSNLASGVPARESGSG

SGTSYSLTISRVEAEDAATYYCQQWISNPPTFGSGTKLEIKRADAAPTVSIFPPSS [SEQ ID NO: 8].
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[0301] In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody
Obinutuzumab. In some embodiments, the IgA antibody comprises one, two, or three of CDR1, CDR2, or
CDR3 of the heavy chain of antibody Obinutuzumab. In some embodiments, the IgA antibody comprises one,
two, or three of CDR1, CDR2, or CDR3 of the light chain of antibody Obinutuzumab. In some embodiments,
the IgA antibody comprises one, two, or three of CDR1, CDR2, or CDR3 of the heavy chain of antibody
Obinutuzumab, and one, two, or three of CDR1, CDR2, or CDR3 of the light chain of antibody
Obinutuzumab. In some embodiments, the IgA antibody comprises CDR1, CDR2, or CDR3 of the heavy
chain of antibody Obinutuzumab, and CDR1, CDR2, or CDR3 of the light chain of antibody Obinutuzumab.
In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody
Obinutuzumab and an IgA hinge. In some embodiments, the IgA antibody comprises at least CDR3 of the
heavy chain of antibody Obinutuzumab an IgA hinge, a CH1 IgA region. In some embodiments, the IgA
antibody comprises at least CDR3 of the heavy chain of antibody Obinutuzumab an IgA hinge, a CH1 IgA
region, and a CH2 IgA region. In some embodiments, the IgA antibody comprises at least CDR3 of the heavy
chain of antibody Obinutuzumab an IgA hinge, a CH1 IgA region, a CH2 IgA region, and a CH3 IgA region.
[0302] In some embodiments, the IgA antibody specifically binds the CD20 epitope EPANPSEK.

[0303] In some embodiments, the IgA antibody specifically binds CD20 and has increased programmed cell
death (PCD) function compared to rituximab with a constant region of the same isotype. In some
embodiments, the IgA antibody specifically binds CD20 and has increased antibody dependent cell mediated
cytotoxicity (ADCC) functionality compared to rituximab with a constant region of the same isotype. In some
embodiments, the IgA antibody specifically binds CD20 and has increased complement dependent
cytotoxicity (CDC) functionality compared to rituximab with a constant region of the same isotype.

[0304] In some embodiments, the IgA antibody has a shorter circulating half-life compared to a
corresponding IgG antibody. In some embodiments, administration of the anti-CD20 IgA antibody is
associated with fewer side effects from B cell depletion compared to a corresponding IgG antibody. In some
embodiments, administration of the anti-CD20 antibody is associated with faster B-cell replenishment
compared to a corresponding IgG antibody.

[0305] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprises one or more variable regions selected from the group consisting of (a) VH comprising the amino
acid sequence of SEQ ID NO: 81, (b) VL comprising the amino acid sequence of SEQ ID NO: 95, and (c) a
combination thereof.

[0306] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, two, three, four, five, or six CDRs selected from (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 33; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 41; (c)
HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 49; (d) LC-CDR1 comprising the amino acid
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sequence of SEQ ID NO: 57; (e) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 65; and (f)
LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 73.

[0307] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VH CDR sequences selected from (a) HC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 33; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 41; and (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 49; and (d) a VL comprising
the amino acid sequence of SEQ ID NO: 95.

[0308] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 57; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 65; and (c¢) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 73; and a VH comprising the
amino acid sequence of SEQ ID NO: 81.

[0309] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising the CDRs: HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 49; and LC-CDR3
comprising the amino acid sequence of SEQ ID NO: 73.

[0310] In one aspect, the disclosure herein provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 57; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 65 and (¢) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 73. In one aspect, the
disclosure provides an antibody or antigen-binding fragment thereof comprising at least one, at least two, or
all three VH CDR sequences selected from (a) HC-CDR1 comprising the amino acid sequence of SEQ ID
NO: 33; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 41 and (c) HC-CDR3 comprising
the amino acid sequence of SEQ ID NO: 49.

[0311] In one aspect, the disclosure provides an antibody or antigen-binding fragment thereof comprising the
CDRs: (a) HC-CDR1 comprising the amino acid sequence of SEQ ID NO: 33; (b) HC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 41; (¢) HC-CDR3 comprising the amino acid sequence of SEQ ID NO:
49; (d) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 57; (e) LC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 65; and (f) LC-CDR3 comprising the amino acid sequence of SEQ ID
NO: 73.

[0312] In one aspect, an antibody or antigen-binding fragment thereof comprises a VH sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid
sequence of SEQ ID NO: 81. In some embodiments, a VH sequence having at least 90%., 91%, 92%. 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions),

insertions, or deletions relative to the reference sequence, but an antibody or antigen-binding fragment thereof
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comprising that sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino
acids have been substituted, inserted and/or deleted in the amino acid sequence of SEQ ID NO: 81. In some
embodiments, substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VH sequence of the amino acid
sequence of SEQ ID NO: 81, including post-translational modifications of that sequence. In a particular
embodiment, the VH comprises one, two or three CDRs selected from: (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 33, (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 41, and
(c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 49.

[0313] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a light chain variable domain (VL) having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%. 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ
ID NO: 95. In some embodiments, a VL sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or deletions
relative to the reference sequence, but an antibody or antigen-binding fragment thereof comprising that
sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino acids have been
substituted, inserted and/or deleted in any one of the amino acid sequence of SEQ ID NO: 95. In some
embodiments, the substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VL sequence of SEQ ID NO: 95,
including post-translational modifications of that sequence. In a particular embodiment, the VL comprises
one, two or three CDRs selected from (a) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 57;
(b) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 5; and (c) LC-CDR3 comprising the
amino acid sequence of SEQ ID NO: 73.

[0314] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a VH as in any of the embodiments provided above, and a VL as
in any of the embodiments provided above. In some embodiments, the antibody comprises a VH comprising
the amino acid sequence of SEQ ID NO: 81, and a VL sequence in SEQ ID NO: 95, including post-
translational modifications of those sequences. In some embodiments, the antibody or antigen binding
fragment thereof comprises a IgA heavy chain constant region having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%. or 100% sequence identity to the amino acid sequence of any one of SEQ ID
NOs: 16-21. In some embodiments, the antibody or antigen binding fragment thereof comprises a kappa light
chain constant region of SEQ ID NO: 31.

[0315] In some embodiments, provided herein is an antibody or a functional fragment thereof that
specifically binds CD47. In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain
of antibody UMABI10. In some embodiments, the IgA antibody comprises one, two, or three of CDR1,
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CDR2, or CDR3 of the heavy chain of antibody UMAB10. In some embodiments, the IgA antibody
comprises one, two, or three of CDR1, CDR2, or CDR3 of the light chain of antibody UMAB10. In some
embodiments, the IgA antibody comprises one, two, or three of CDR1, CDR2, or CDR3 of the heavy chain of
antibody UMAB10, and one, two, or three of CDR1, CDR2, or CDR3 of the light chain of antibody
UMABI10. In some embodiments, the IgA antibody comprises CDR1, CDR2, or CDR3 of the heavy chain of
antibody UMAB10, and CDR1, CDR2, or CDR3 of the light chain of antibody UMAB10. In some
embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody UMAB10 and an
IgA hinge. In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody
UMABI0 an IgA hinge, a CH1 IgA region. In some embodiments, the IgA antibody comprises at least CDR3
of the heavy chain of antibody UMAB10 an IgA hinge, a CH1 IgA region, and a CH2 IgA region. In some
embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody UMAB10 an IgA
hinge, a CH1 IgA region, a CH2 IgA region, and a CH3 IgA region.

[0316] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprises one or more variable regions selected from the group consisting of (a) VH comprising the amino
acid sequence of SEQ ID NO: 86, (b) VL comprising the amino acid sequence of SEQ ID NO: 100, and (c) a
combination thereof.

[0317] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, two, three, four, five, or six CDRs selected from (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 40; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 48; (c)
HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 56; (d) LC-CDR1 comprising the amino acid
sequence of SEQ ID NO: 64; (e) LC-CDR2 comprising the amino acid sequence of SEQ ID NO:72; and (f)
LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 80.

[0318] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VH CDR sequences selected from (a) HC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 40; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 48; and (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 56; and (d) a VL comprising
the amino acid sequence of SEQ ID NO: 8.

[0319] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 64; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 72; and (c¢) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 80; and a VH comprising the
amino acid sequence of SEQ ID NO: 7.
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[0320] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising the CDRs: HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 56; and LC-CDR3
comprising the amino acid sequence of SEQ ID NO: 80.

[0321] In one aspect, the disclosure herein provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 64; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 72 and (c¢) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 80. In one aspect, the
disclosure provides an antibody or antigen-binding fragment thereof comprising at least one, at least two, or
all three VH CDR sequences selected from (a) HC-CDR1 comprising the amino acid sequence of SEQ ID
NO: 40; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 48 and (c) HC-CDR3 comprising
the amino acid sequence of SEQ ID NO: 56.

[0322] In one aspect, the disclosure provides an antibody or antigen-binding fragment thereof comprising the
CDRs: (a) HC-CDRI1 comprising the amino acid sequence of SEQ ID NO: 40; (b) HC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 48; (¢) HC-CDR3 comprising the amino acid sequence of SEQ ID NO:
56; (d) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 64; (e) LC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 72; and (f) LC-CDR3 comprising the amino acid sequence of SEQ ID
NO: 80.

[0323] In one aspect, an antibody or antigen-binding fragment thereof comprises a VH sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid
sequence of SEQ ID NO: 7. In some embodiments, a VH sequence having at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions),
insertions, or deletions relative to the reference sequence, but an antibody or antigen-binding fragment thereof
comprising that sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino
acids have been substituted, inserted and/or deleted in the amino acid sequence of SEQ ID NO: 7. In some
embodiments, substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VH sequence of the amino acid
sequence of SEQ ID NO: 7, including post-translational modifications of that sequence. In a particular
embodiment, the VH comprises one, two or three CDRs selected from: (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 40, (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 48, and
(c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 56.

[0324] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a light chain variable domain (VL) having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ
ID NO: 8. In some embodiments, a VL sequence having at least 90%, 91%, 92%, 93%. 94%, 95%. 96%,
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97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or deletions
relative to the reference sequence, but an antibody or antigen-binding fragment thereof comprising that
sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino acids have been
substituted, inserted and/or deleted in any one of the amino acid sequence of SEQ ID NO: 8. In some
embodiments, the substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VL sequence of SEQ ID NO: 8,
including post-translational modifications of that sequence. In a particular embodiment, the VL comprises
one, two or three CDRs selected from (a) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 64;
(b) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 72; and (c) LC-CDR3 comprising the
amino acid sequence of SEQ ID NO: 80.

[0325] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a VH as in any of the embodiments provided above, and a VL as
in any of the embodiments provided above. In some embodiments, the antibody comprises a VH comprising
the amino acid sequence of SEQ ID NO: 7, and a VL sequence in SEQ ID NO: 8, including post-translational
modifications of those sequences. In some embodiments, the antibody or antigen binding fragment thereof
comprises an IgA heavy chain constant region having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%. 99%, or 100% sequence identity to the amino acid sequence of any one of SEQ ID NOs: 16-21. In some
embodiments, the antibody or antigen binding fragment thereof comprises a kappa light chain constant region

of SEQ ID NO: 31.

Her2

[0326] In some embodiments, provided herein is an antibody or a functional fragment thereof that
specifically binds Her2. In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain
of antibody Trastuzumab. In some embodiments, the IgA antibody comprises one, two, or three of CDR1,
CDR2, or CDR3 of the heavy chain of antibody Trastuzumab. In some embodiments, the IgA antibody
comprises one, two, or three of CDR1, CDR2, or CDR3 of the light chain of antibody Trastuzumab. In some
embodiments, the IgA antibody comprises one, two, or three of CDR1, CDR2, or CDR3 of the heavy chain of
antibody Trastuzumab, and one, two, or three of CDR1, CDR2, or CDR3 of the light chain of antibody
Trastuzumab. In some embodiments, the IgA antibody comprises CDR1, CDR2, or CDR3 of the heavy chain
of antibody Trastuzumab, and CDR1, CDR2, or CDR3 of the light chain of antibody Trastuzumab. In some
embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody Trastuzumab and an
IgA hinge. In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody
Trastuzumab an IgA hinge, a CHI1 IgA region. In some embodiments, the IgA antibody comprises at least

CDR3 of the heavy chain of antibody Trastuzumab an IgA hinge, a CH1 IgA region, and a CH2 IgA region.
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In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody
Trastuzumab, an IgA hinge, a CH1 IgA region, a CH2 IgA region, and a CH3 IgA region.

[0327] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprises one or more variable regions selected from the group consisting of (a) VH comprising the amino
acid sequence of SEQ ID NO: 82, (b) VL comprising the amino acid sequence of SEQ ID NO: 96, and (c) a
combination thereof.

[0328] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, two, three, four, five, or six CDRs selected from (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 35; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 43; (c)
HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 51; (d) LC-CDR1 comprising the amino acid
sequence of SEQ ID NO: 59; (e) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 67; and (f)
LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 75.

[0329] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VH CDR sequences selected from (a) HC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 35; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 43; and (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 51; and (d) a VL comprising
the amino acid sequence of SEQ ID NO: 96.

[0330] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 59; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 67; and (c¢) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 75; and a VH comprising the
amino acid sequence of SEQ ID NO: 82.

[0331] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising the CDRs: HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 51; and LC-CDR3
comprising the amino acid sequence of SEQ ID NO: 75.

[0332] In one aspect, the disclosure herein provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 59; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 67 and (¢) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 75. In one aspect, the
disclosure provides an antibody or antigen-binding fragment thereof comprising at least one, at least two, or
all three VH CDR sequences selected from (a) HC-CDR1 comprising the amino acid sequence of SEQ ID
NO: 35; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 43 and (c) HC-CDR3 comprising
the amino acid sequence of SEQ ID NO: 51.
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[0333] In one aspect, the disclosure provides an antibody or antigen-binding fragment thereof comprising the
CDRs: (a) HC-CDRI1 comprising the amino acid sequence of SEQ ID NO: 35; (b) HC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 43; (¢) HC-CDR3 comprising the amino acid sequence of SEQ ID NO:
51; (d) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 59; (¢) LC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 67; and (f) LC-CDR3 comprising the amino acid sequence of SEQ ID
NO: 75.

[0334] In one aspect, an antibody or antigen-binding fragment thereof comprises a VH sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid
sequence of SEQ ID NO: 82. In some embodiments, a VH sequence having at least 90%. 91%, 92%. 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions),
insertions, or deletions relative to the reference sequence, but an antibody or antigen-binding fragment thereof
comprising that sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino
acids have been substituted, inserted and/or deleted in the amino acid sequence of SEQ ID NO: 82. In some
embodiments, substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VH sequence of the amino acid
sequence of SEQ ID NO: 82, including post-translational modifications of that sequence. In a particular
embodiment, the VH comprises one, two or three CDRs selected from: (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 35, (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 43, and
(c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 51.

[0335] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a light chain variable domain (VL) having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ
ID NO: 96. In some embodiments, a VL sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or deletions
relative to the reference sequence, but an antibody or antigen-binding fragment thereof comprising that
sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino acids have been
substituted, inserted and/or deleted in any one of the amino acid sequence of SEQ ID NO: 96. In some
embodiments, the substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VL sequence of SEQ ID NO: 96,
including post-translational modifications of that sequence. In a particular embodiment, the VL comprises
one, two or three CDRs selected from (a) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 59;
(b) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 67; and (c) LC-CDR3 comprising the
amino acid sequence of SEQ ID NO: 75.
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[0336] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a VH as in any of the embodiments provided above, and a VL as
in any of the embodiments provided above. In some embodiments, the antibody comprises a VH comprising
the amino acid sequence of SEQ ID NO: 82, and a VL sequence in SEQ ID NO: 96, including post-
translational modifications of those sequences. In some embodiments, the antibody or antigen binding
fragment thereof comprises an IgA heavy chain constant region having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%. 98%, 99%, or 100% sequence identity to the amino acid sequence of any one of SEQ ID
NOs: 16-21. In some embodiments, the antibody or antigen binding fragment thereof comprises a kappa light
chain constant region of SEQ ID NO: 31.

gpr75

[0337] In some embodiments, provided herein is an antibody or a functional fragment thereof that
specifically binds gp75 or tyrosine related protein 1. In some embodiments, an antibody or a functional
fragment disclosed herein specifically binds a human gp75 polypeptide. The polypeptide and coding nucleic
acid sequences of gp75 of human origin and those of a number of animals are publicly available, e.g., from
the NCBI website. In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of
antibody TA99. In some embodiments, the IgA antibody comprises one, two, or three of CDR1, CDR2, or
CDR3 of the heavy chain of antibody TA99. In some embodiments, the IgA antibody comprises one, two, or
three of CDR1, CDR2, or CDR3 of the light chain of antibody TA99. In some embodiments, the IgA antibody
comprises one, two, or three of CDR1, CDR2, or CDR3 of the heavy chain of antibody TA99, and one, two,
or three of CDR1, CDR2, or CDR3 of the light chain of antibody TA99. In some embodiments, the IgA
antibody comprises CDR1, CDR2, or CDR3 of the heavy chain of antibody TA99, and CDR1, CDR2, or
CDR3 of the light chain of antibody TA99. In some embodiments, the IgA antibody comprises at least CDR3
of the heavy chain of antibody TA99 and an IgA hinge. In some embodiments, the IgA antibody comprises at
least CDR3 of the heavy chain of antibody TA99 an IgA hinge, a CH1 IgA region. In some embodiments, the
IgA antibody comprises at least CDR3 of the heavy chain of antibody TA99 an IgA hinge, a CH1 IgA region,
and a CH2 IgA region. In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain
of antibody TA99 an IgA hinge, a CH1 IgA region, a CH2 IgA region, and a CH3 IgA region.

[0338] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprises one or more variable regions selected from the group consisting of (a) VH comprising the amino
acid sequence of SEQ ID NO: 83, (b) VL comprising the amino acid sequence of SEQ ID NO: 97, and (c) a
combination thereof.

[0339] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof

comprising at least one, two, three, four, five, or six CDRs selected from (a) HC-CDR1 comprising the amino
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acid sequence of SEQ ID NO: 36; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 44; (c)
HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 52; (d) LC-CDR1 comprising the amino acid
sequence of SEQ ID NO: 60; (e) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 68; and (f)
LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 76.

[0340] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VH CDR sequences selected from (a) HC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 36; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 44; and (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 52; and (d) a VL comprising
the amino acid sequence of SEQ ID NO: 97.

[0341] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 60; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 68; and (¢) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 76; and a VH comprising the
amino acid sequence of SEQ ID NO: 83.

[0342] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising the CDRs: HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 52; and LC-CDR3
comprising the amino acid sequence of SEQ ID NO: 76.

[0343] In one aspect, the disclosure herein provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 60; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 68 and (c) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 76. In one aspect, the
disclosure provides an antibody or antigen-binding fragment thereof comprising at least one, at least two, or
all three VH CDR sequences selected from (a) HC-CDR1 comprising the amino acid sequence of SEQ ID
NO: 36; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 44 and (c) HC-CDR3 comprising
the amino acid sequence of SEQ ID NO: 52.

[0344] In one aspect, the disclosure provides an antibody or antigen-binding fragment thereof comprising the
CDRs: (a) HC-CDRI1 comprising the amino acid sequence of SEQ ID NO: 36; (b) HC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 44; (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO:
52; (d) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 60; (e) LC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 68; and (f) LC-CDR3 comprising the amino acid sequence of SEQ ID
NO: 76.

[0345] In one aspect, an antibody or antigen-binding fragment thereof comprises a VH sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid
sequence of SEQ ID NO: 83. In some embodiments, a VH sequence having at least 90%, 91%, 92%, 93%,
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94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions),
insertions, or deletions relative to the reference sequence, but an antibody or antigen-binding fragment thereof
comprising that sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino
acids have been substituted, inserted and/or deleted in the amino acid sequence of SEQ ID NO: 83. In some
embodiments, substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VH sequence of the amino acid
sequence of SEQ ID NO: 83, including post-translational modifications of that sequence. In a particular
embodiment, the VH comprises one, two or three CDRs selected from: (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 36, (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 44, and
(c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 52.

[0346] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a light chain variable domain (VL) having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ
ID NO: 97. In some embodiments, a VL sequence having at least 90%, 91%, 92%, 93%, 94%, 95%. 96%,
97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or deletions
relative to the reference sequence, but an antibody or antigen-binding fragment thereof comprising that
sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino acids have been
substituted, inserted and/or deleted in any one of the amino acid sequence of SEQ ID NO: 97. In some
embodiments, the substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VL sequence of SEQ ID NO: 97,
including post-translational modifications of that sequence. In a particular embodiment, the VL comprises
one, two or three CDRs selected from (a) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 60;
(b) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 68; and (¢) LC-CDR3 comprising the
amino acid sequence of SEQ ID NO: 76.

[0347] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a VH as in any of the embodiments provided above, and a VL as
in any of the embodiments provided above. In some embodiments, the antibody comprises a VH comprising
the amino acid sequence of SEQ ID NO: 83, and a VL sequence in SEQ ID NO: 97, including post-
translational modifications of those sequences. In some embodiments, the antibody or antigen binding
fragment thereof comprises an IgA heavy chain constant region having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of any one of SEQ ID
NOs: 16-21. In some embodiments, the antibody or antigen binding fragment thereof comprises a kappa light
chain constant region of SEQ ID NO: 31.

CTLA4
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[0348] In some embodiments, provided herein is an antibody or a functional fragment thereof that
specifically binds cytotoxic T-lymphocyte-associated protein 4 (CTLA4). In some embodiments, an antibody
or a functional fragment disclosed herein specifically binds a human CTLA4 polypeptide. In some
embodiments, an antibody or a functional fragment disclosed herein specifically binds a mouse CTLA4
polypeptide. The polypeptide and coding nucleic acid sequences of CTLA4 of human origin and those of a
number of animals are publicly available, e.g., from the NCBI website.

[0349] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprises one or more variable regions selected from the group consisting of (a) VH comprising the amino
acid sequence of SEQ ID NO: 84, (b) VL comprising the amino acid sequence of SEQ ID NO: 98, and (c) a
combination thereof.

[0350] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, two, three, four, five, or six CDRs selected from (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 37; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 45; (c)
HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 53; (d) LC-CDR1 comprising the amino acid
sequence of SEQ ID NO: 61; (e) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 69; and (f)
LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 77.

[0351] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VH CDR sequences selected from (a) HC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 37; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 45; and (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 53; and (d) a VL comprising
the amino acid sequence of SEQ ID NO: 98.

[0352] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 61; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 69; and (¢) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 77; and a VH comprising the
amino acid sequence of SEQ ID NO: 84.

[0353] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising the CDRs: HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 53; and LC-CDR3
comprising the amino acid sequence of SEQ ID NO: 77.

[0354] In one aspect, the disclosure herein provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 61; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 69 and (c) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 77. In one aspect, the

disclosure provides an antibody or antigen-binding fragment thereof comprising at least one, at least two, or



10

15

20

25

30

WO 2020/197400 PCT/NL2020/050217

81

all three VH CDR sequences selected from (a) HC-CDR1 comprising the amino acid sequence of SEQ ID
NO: 37; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 45 and (¢) HC-CDR3 comprising
the amino acid sequence of SEQ ID NO: 53.

[0355] In one aspect, the disclosure provides an antibody or antigen-binding fragment thereof comprising the
CDRs: (a) HC-CDR1 comprising the amino acid sequence of SEQ ID NO: 37; (b) HC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 45; (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO:
53; (d) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 61; (¢) LC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 69; and (f) LC-CDR3 comprising the amino acid sequence of SEQ ID
NO: 77.

[0356] In one aspect, an antibody or antigen-binding fragment thereof comprises a VH sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid
sequence of SEQ ID NO: 84. In some embodiments, a VH sequence having at least 90%., 91%, 92%. 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions),
insertions, or deletions relative to the reference sequence, but an antibody or antigen-binding fragment thereof
comprising that sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino
acids have been substituted, inserted and/or deleted in the amino acid sequence of SEQ ID NO: 84. In some
embodiments, substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VH sequence of the amino acid
sequence of SEQ ID NO: 84, including post-translational modifications of that sequence. In a particular
embodiment, the VH comprises one, two or three CDRs selected from: (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 37, (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 45, and
(c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 53.

[0357] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a light chain variable domain (VL) having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ
ID NO: 98. In some embodiments, a VL sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or deletions
relative to the reference sequence, but an antibody or antigen-binding fragment thereof comprising that
sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino acids have been
substituted, inserted and/or deleted in any one of the amino acid sequence of SEQ ID NO: 98. In some
embodiments, the substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VL sequence of SEQ ID NO: 98,
including post-translational modifications of that sequence. In a particular embodiment, the VL comprises

one, two or three CDRs selected from (a) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 61;
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(b) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 69; and (c¢) LC-CDR3 comprising the
amino acid sequence of SEQ ID NO: 77.

[0358] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a VH as in any of the embodiments provided above, and a VL as
in any of the embodiments provided above. In some embodiments, the antibody comprises a VH comprising
the amino acid sequence of SEQ ID NO: 84, and a VL sequence in SEQ ID NO: 98, including post-
translational modifications of those sequences. In some embodiments, the antibody or antigen binding
fragment thereof comprises an IgA heavy chain constant region having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of any one of SEQ ID
NOs: 16-21. In some embodiments, the antibody or antigen binding fragment thereof comprises a kappa light

chain constant region of SEQ ID NO: 31.

CD47

[0359] In some embodiments, the IgA antibody specifically binds CD47. In some embodiments, an antibody
or a functional fragment disclosed herein specifically binds a human CD47 polypeptide. The polypeptide and
coding nucleic acid sequences of CD47 of human origin and those of a number of animals are publicly
available, e.g., from the NCBI website. In some embodiments, the IgA antibody reduces SIRPa binding to
CD47 expressed on the surface of a cancer cell. In some embodiments, the IgA antibody binds to CD47 with a
binding affinity (Kd) ranging from about 0.5 uM to about 999 uM as compared to a corresponding wild type
antibody. In some embodiments, the IgA antibody binds to CD47 with a binding affinity (Kd) ranging from
about 1 mM to about 1000 mM as compared to a corresponding wild type antibody. In some embodiments,
the IgA antibody inhibits a human CD47 interaction with a signal regulatory protein o (SIRPa). In some
embodiments, the inhibition of interaction between said human CD47 and said SIRPa increases a potential of
said IgA antibody. In some embodiments, the inhibition of the interaction between said human CD47 and said
SIRPa increases phagocytosis and clearance of cancer cells at a tumor site. In some embodiments, the cancer
cells are IgA-opsonized cancer cells. In some embodiments, the IgA antibody comprises an antigen binding
domain that binds CD47 and an antigen binding domain that specifically binds a tumor associated antigen
(e.g., one described herein).

[0360] In some embodiments, the IgA antibody binds CD47. In some embodiments, the IgA antibody
reduces CD47 binding of a cancer cell. For example, the IgA antibody can inhibit a human CD47
interaction with a signal regulatory protein o (SIRPa). Furthermore, the inhibition of interaction between
the human CD47 and the SIRPa can increase a potential of the IgA antibody. The inhibition of interaction
between the human CD47 and SIRPa can increase phagocytosis and clearance of cancer cells at a tumor

site. For example, the cancer cells can be IgA-opsonized cancer cells. In some embodiments, the IgA
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antibodies described herein have a low affinity binding to CD47 that prevents the binding of the IgA
antibody to CD47 on a cell other than a cancer cell. In some embodiments, the low affinity CD47 arm of the
IgA antibody described herein binds to a tumor cell expressing CD47. In some examples, the low affinity
CD47 arm of the IgA antibody described herein does not bind to a cell expressing CD47 that is not a tumor
cell. In some embodiments, the IgA antibody binds to CD47 with a binding affinity (Kd) of at least about
0.01 micromolar (uM) to about 999 uM or more. In some embodiments, the IgA antibody binds to CD47
with a binding affinity (Kd) of at least about 0.01 pM. In some embodiments, the IgA antibody binds to
CD47 with a binding affinity (Kd) of at most about 999 uM. In some embodiments, the IgA antibody binds
to CD47 with a binding affinity (Kd) of about 0.01 uM to about 0.1 pM, about 0.01 uM to about 0.5 uM,
about 0.01 uM to about 1 pM, about 0.01 pM to about 5 uM, about 0.01 uM to about 10 uM, about 0.01
uM to about 50 uM, about 0.01 uM to about 100 uM, about 0.01 uM to about 200 uM, about 0.01 uM to
about 300 uM, about 0.01 uM to about 500 uM, about 0.01 pM to about 999 uM, about 0.1 uM to about
0.5 uM, about 0.1 uM to about 1 uM, about 0.1 uM to about 5 uM, about 0.1 uM to about 10 uM, about
0.1 uM to about 50 pM, about 0.1 uM to about 100 uM, about 0.1 uM to about 200 pM, about 0.1 uM to
about 300 pM, about 0.1 uM to about 500 uM, about 0.1 uM to about 999 uM, about 0.5 pM to about 1
uM, about 0.5 uM to about 5 uM, about 0.5 uM to about 10 pM, about 0.5 uM to about 50 uM, about 0.5
uM to about 100 uM, about 0.5 uM to about 200 uM, about 0.5 uM to about 300 uM, about 0.5 uM to
about 500 uM, about 0.5 uM to about 999 uM, about 1 uM to about 5 uM, about 1 uM to about 10 uM,
about 1 uM to about 50 uM, about 1 uM to about 100 uM, about 1 uM to about 200 pM, about 1 uM to
about 300 pM, about 1 uM to about 500 uM, about 1 uM to about 999 uM, about 5 uM to about 10 pM,
about 5 uM to about 50 uM, about 5 uM to about 100 uM, about 5 uM to about 200 uM, about 5 uM to
about 300 pM, about 5 uM to about 500 uM, about 5 uM to about 999 uM, about 10 uM to about 50 uM,
about 10 uM to about 100 uM, about 10 uM to about 200 pM, about 10 uM to about 300 uM, about 10
uM to about 500 pM, about 10 uM to about 999 uM, about 50 pM to about 100 uM, about 50 uM to about
200 uM, about 50 uM to about 300 uM, about 50 uM to about 500 pM, about 50 uM to about 999 uM,
about 100 pM to about 200 uM, about 100 uM to about 300 puM, about 100 uM to about 500 uM, about
100 uM to about 999 uM, about 200 uM to about 300 uM, about 200 uM to about 500 uM, about 200 pM
to about 999 uM, about 300 uM to about 500 uM, about 300 uM to about 999 uM, or about 500 uM to
about 999 uM. In some embodiments, the IgA antibody binds to CD47 with a binding affinity (Kd) of about
0.01 uM, about 0.1 uM, about 0.5 uM, about 1 uM, about 5 uM, about 10 pM, about 50 uM, about 100
uM, about 200 uM, about 300 uM, about 500 uM, or about 999 uM.

[0361] In some embodiments, the IgA antibody binds to CD47 with a binding affinity (Kd) of about 1 mM
to about 1,000 millimolar (mM). In some embodiments, the IgA antibody binds to CD47 with a binding
affinity (Kq) of at least about 1 mM. In some embodiments, the IgA antibody binds to CD47 with a binding
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affinity (Kqd) of at most about 1,000 mM. In some embodiments, the IgA antibody binds to CD47 with a
binding affinity (Kd) of about 1 mM to about 5 mM, about 1 mM to about 10 mM, about 1 mM to about 50
mM, about 1 mM to about 100 mM, about 1 mM to about 200 mM, about 1 mM to about 300 mM, about 1
mM to about 400 mM, about 1 mM to about 500 mM, about 1 mM to about 600 mM, about 1 mM to about
800 mM, about 1 mM to about 1,000 mM, about 5 mM to about 10 mM, about 5 mM to about 50 mM,
about 5 mM to about 100 mM, about 5 mM to about 200 mM, about 5 mM to about 300 mM, about 5 mM
to about 400 mM, about 5 mM to about 500 mM, about 5 mM to about 600 mM, about 5 mM to about 800
mM, about 5 mM to about 1,000 mM, about 10 mM to about 50 mM, about 10 mM to about 100 mM, about
10 mM to about 200 mM, about 10 mM to about 300 mM, about 10 mM to about 400 mM, about 10 mM to
about 500 mM, about 10 mM to about 600 mM, about 10 mM to about 800 mM, about 10 mM to about
1,000 mM, about 50 mM to about 100 mM, about 50 mM to about 200 mM, about 50 mM to about 300
mM, about 50 mM to about 400 mM, about 50 mM to about 500 mM, about 50 mM to about 600 mM,
about 50 mM to about 800 mM, about 50 mM to about 1,000 mM, about 100 mM to about 200 mM, about
100 mM to about 300 mM, about 100 mM to about 400 mM, about 100 mM to about 500 mM, about 100
mM to about 600 mM, about 100 mM to about 800 mM, about 100 mM to about 1,000 mM, about 200 mM
to about 300 mM, about 200 mM to about 400 mM, about 200 mM to about 500 mM, about 200 mM to
about 600 mM, about 200 mM to about 800 mM, about 200 mM to about 1,000 mM, about 300 mM to
about 400 mM, about 300 mM to about 500 mM, about 300 mM to about 600 mM, about 300 mM to about
800 mM, about 300 mM to about 1,000 mM, about 400 mM to about 500 mM, about 400 mM to about 600
mM, about 400 mM to about 800 mM, about 400 mM to about 1,000 mM, about 500 mM to about 600 mM,
about 500 mM to about 800 mM, about 500 mM to about 1,000 mM, about 600 mM to about 800 mM,
about 600 mM to about 1,000 mM, or about 800 mM to about 1,000 mM. In some embodiments, the IgA
antibody binds to CD47 with a binding affinity (Kd) of about 1 mM, about 5 mM, about 10 mM, about 50
mM, about 100 mM, about 200 mM, about 300 mM, about 400 mM, about 500 mM, about 600 mM, about
800 mM, or about 1,000 mM.

[0362] In some embodiments, provided herein is an antibody or a functional fragment thereof that
specifically binds CD47. In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain
of antibody 2.3D11 or of antibody C47A8-CQ. In some embodiments, the IgA antibody comprises one, two,
or three of CDR1, CDR2, or CDR3 of the heavy chain of antibody 2.3D11 or of antibody C47A8-CQ. In
some embodiments, the IgA antibody comprises one, two, or three of CDR1, CDR2, or CDR3 of the light
chain of antibody 2.3D11 or of antibody C47A8-CQ. In some embodiments, the IgA antibody comprises one,
two, or three of CDR1, CDR2, or CDR3 of the heavy chain of antibody 2.3D 11 or of antibody C47A8-CQ,
and one, two, or three of CDR1, CDR2, or CDR3 of the light chain of antibody 2.3D11 or of antibody
C47A8-CQ. In some embodiments, the IgA antibody comprises CDR1, CDR2, or CDR3 of the heavy chain
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of antibody 2.3D11 or of antibody C47A8-CQ, and CDR1, CDR2, or CDR3 of the light chain of antibody
2.3D11 or of antibody C47A8-CQ. In some embodiments, the IgA antibody comprises at least CDR3 of the
heavy chain of antibody 2.3D11 or of antibody C47A8-CQ and an IgA hinge. In some embodiments, the IgA
antibody comprises at least CDR3 of the heavy chain of antibody 2.3D11 or of antibody C47A8-CQ an IgA
hinge, a CH1 IgA region. In some embodiments, the IgA antibody comprises at least CDR3 of the heavy
chain of antibody 2.3D11 or of antibody C47A8-CQ an IgA hinge, a CH1 IgA region, and a CH2 IgA region.
In some embodiments, the IgA antibody comprises at least CDR3 of the heavy chain of antibody 2.3D11 or of
antibody C47A8-CQ an IgA hinge, a CH1 IgA region, a CH2 IgA region, and a CH3 IgA region.

[0363] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprises one or more variable regions selected from the group consisting of (a) VH comprising the amino
acid sequence of SEQ ID NO: 85, (b) VL comprising the amino acid sequence of SEQ ID NO: 99, and (c) a
combination thereof.

[0364] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, two, three, four, five, or six CDRs selected from (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 38; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 46; (c)
HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 54; (d) LC-CDRI1 comprising the amino acid
sequence of SEQ ID NO: 62; (e) LC-CDR2 comprising the amino acid sequence of SEQ ID NO:70; and (f)
LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 78.

[0365] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VH CDR sequences selected from (a) HC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 38; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 46; and (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 54; and (d) a VL comprising
the amino acid sequence of SEQ ID NO: 99.

[0366] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 62; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 70; and (c) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 78; and a VH comprising the
amino acid sequence of SEQ ID NO: 85.

[0367] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising the CDRs: HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 54; and LC-CDR3
comprising the amino acid sequence of SEQ ID NO: 78.

[0368] In one aspect, the disclosure herein provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising

the amino acid sequence of SEQ ID NO: 62; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
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NO: 70 and (c) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 78. In one aspect, the
disclosure provides an antibody or antigen-binding fragment thereof comprising at least one, at least two, or
all three VH CDR sequences selected from (a) HC-CDR1 comprising the amino acid sequence of SEQ ID
NO: 38; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 46 and (c) HC-CDR3 comprising
the amino acid sequence of SEQ ID NO: 54.

[0369] In one aspect, the disclosure provides an antibody or antigen-binding fragment thereof comprising the
CDRs: (a) HC-CDRI1 comprising the amino acid sequence of SEQ ID NO: 38; (b) HC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 46; (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO:
54; (d) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 62; (e) LC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 70; and (f) LC-CDR3 comprising the amino acid sequence of SEQ ID
NO: 78.

[0370] In one aspect, an antibody or antigen-binding fragment thereof comprises a VH sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid
sequence of SEQ ID NO: 85. In some embodiments, a VH sequence having at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions),
insertions, or deletions relative to the reference sequence, but an antibody or antigen-binding fragment thereof
comprising that sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino
acids have been substituted, inserted and/or deleted in the amino acid sequence of SEQ ID NO: 85. In some
embodiments, substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VH sequence of the amino acid
sequence of SEQ ID NO: 85, including post-translational modifications of that sequence. In a particular
embodiment, the VH comprises one, two or three CDRs selected from: (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 38, (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 46, and
(c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 54.

[0371] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a light chain variable domain (VL) having at least 90%, 91%,
92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ
ID NO: 99. In some embodiments, a VL sequence having at least 90%, 91%, 92%, 93%, 94%, 95%. 96%,
97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or deletions
relative to the reference sequence, but an antibody or antigen-binding fragment thereof comprising that
sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino acids have been
substituted, inserted and/or deleted in any one of the amino acid sequence of SEQ ID NO: 99. In some
embodiments, the substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).

Optionally, the antibody or antigen-binding fragment thereof comprises the VL sequence of SEQ ID NO: 99,
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including post-translational modifications of that sequence. In a particular embodiment, the VL comprises
one, two or three CDRs selected from (a) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 62;
(b) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 70; and (c) LC-CDR3 comprising the
amino acid sequence of SEQ ID NO: 78.

[0372] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a VH as in any of the embodiments provided above, and a VL as
in any of the embodiments provided above. In some embodiments, the antibody comprises a VH comprising
the amino acid sequence of SEQ ID NO: 85, and a VL sequence in SEQ ID NO: 99, including post-
translational modifications of those sequences. In some embodiments, the antibody or antigen binding
fragment thereof comprises an IgA heavy chain constant region having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of any one of SEQ ID
NOs: 16-21. In some embodiments, the antibody or antigen binding fragment thereof comprises a kappa light
chain constant region of SEQ ID NO: 31.

[0373] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprises one or more variable regions selected from the group consisting of (a) VH comprising the amino
acid sequence of SEQ ID NO: 86, (b) VL comprising the amino acid sequence of SEQ ID NO: 100, and (c) a
combination thereof.

[0374] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, two, three, four, five, or six CDRs selected from (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 39; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 47; (c)
HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 54; (d) LC-CDRI1 comprising the amino acid
sequence of SEQ ID NO: 63; (e) LC-CDR2 comprising the amino acid sequence of SEQ ID NO:71; and (f)
LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 79.

[0375] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VH CDR sequences selected from (a) HC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 39; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 47; and (c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 55; and (d) a VL comprising
the amino acid sequence of SEQ ID NO: 100.

[0376] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 63; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 71; and (c) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 79; and a VH comprising the
amino acid sequence of SEQ ID NO: 86.
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[0377] In one aspect, the present disclosure provides an antibody or antigen-binding fragment thereof
comprising the CDRs: HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 55; and LC-CDR3
comprising the amino acid sequence of SEQ ID NO: 79.

[0378] In one aspect, the disclosure herein provides an antibody or antigen-binding fragment thereof
comprising at least one, at least two, or all three VL CDR sequences selected from (a) LC-CDR1 comprising
the amino acid sequence of SEQ ID NO: 63; (b) LC-CDR2 comprising the amino acid sequence of SEQ ID
NO: 71 and (c) LC-CDR3 comprising the amino acid sequence of SEQ ID NO: 79. In one aspect, the
disclosure provides an antibody or antigen-binding fragment thereof comprising at least one, at least two, or
all three VH CDR sequences selected from (a) HC-CDR1 comprising the amino acid sequence of SEQ ID
NO: 39; (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 47 and (c) HC-CDR3 comprising
the amino acid sequence of SEQ ID NO: 55.

[0379] In one aspect, the disclosure provides an antibody or antigen-binding fragment thereof comprising the
CDRs: (a) HC-CDRI1 comprising the amino acid sequence of SEQ ID NO: 39; (b) HC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 47; (¢) HC-CDR3 comprising the amino acid sequence of SEQ ID NO:
55; (d) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 63; (e) LC-CDR2 comprising the
amino acid sequence of SEQ ID NO: 71; and (f) LC-CDR3 comprising the amino acid sequence of SEQ ID
NO: 79.

[0380] In one aspect, an antibody or antigen-binding fragment thereof comprises a VH sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid
sequence of SEQ ID NO: 86. In some embodiments, a VH sequence having at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions),
insertions, or deletions relative to the reference sequence, but an antibody or antigen-binding fragment thereof
comprising that sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino
acids have been substituted, inserted and/or deleted in the amino acid sequence of SEQ ID NO: 86. In some
embodiments, substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VH sequence of the amino acid
sequence of SEQ ID NO: 86, including post-translational modifications of that sequence. In a particular
embodiment, the VH comprises one, two or three CDRs selected from: (a) HC-CDR1 comprising the amino
acid sequence of SEQ ID NO: 39, (b) HC-CDR2 comprising the amino acid sequence of SEQ ID NO: 47, and
(c) HC-CDR3 comprising the amino acid sequence of SEQ ID NO: 55.

[0381] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a light chain variable domain (VL) having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ
ID NO: 100. In some embodiments, a VL sequence having at least 90%, 91%, 92%, 93%, 94%. 95%, 96%,
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97%, 98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or deletions
relative to the reference sequence, but an antibody or antigen-binding fragment thereof comprising that
sequence retains the ability to bind to antigen. In some embodiments, a total of 1 to 10 amino acids have been
substituted, inserted and/or deleted in any one of the amino acid sequence of SEQ ID NO: 100. In some
embodiments, the substitutions, insertions, or deletions occur in regions outside the CDRs (e.g., in the FRs).
Optionally, the antibody or antigen-binding fragment thereof comprises the VL sequence of SEQ ID NO: 100,
including post-translational modifications of that sequence. In a particular embodiment, the VL comprises
one, two or three CDRs selected from (a) LC-CDR1 comprising the amino acid sequence of SEQ ID NO: 63;
(b) LC-CDR2 comprising the amino acid sequence of SEQ ID NO: 71; and (c) LC-CDR3 comprising the
amino acid sequence of SEQ ID NO: 79.

[0382] In one aspect, an antibody or antigen-binding fragment thereof is provided, wherein the antibody or
antigen-binding fragment thereof comprises a VH as in any of the embodiments provided above, and a VL as
in any of the embodiments provided above. In some embodiments, the antibody comprises a VH comprising
the amino acid sequence of SEQ ID NO: 86, and a VL sequence in SEQ ID NO: 100, including post-
translational modifications of those sequences. In some embodiments, the antibody or antigen binding
fragment thereof comprises an IgA heavy chain constant region having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%., 97%. 98%, 99%, or 100% sequence identity to the amino acid sequence of any one of SEQ ID
NOs: 16-21. In some embodiments, the antibody or antigen binding fragment thereof comprises a kappa light

chain constant region of SEQ ID NO: 31.

Improved property and function of IgA antibodies

[0383] In some embodiments, the antibodies or a functional fragment thereof disclosed herein exhibit an
improved stability relative to a corresponding wild type IgA antibody. The term “increased stability” as used
herein includes increased thermostability and/or decreased aggregation. Enhanced or improved stability can
be determined, for example, by accelerated stability studies. Exemplary accelerated stability studies include,
but are not limited to, studies featuring increased storage temperatures. A decrease in the formation of
aggregates observed for a antibody as compared to a corresponding WT IgA antibody indicates an increased
stability. Stability of antibodies and functional fragment thereof of the present disclosure can be tested by
measuring the change in the melting temperature transition of an antibody as compared to the corresponding
wild type IgA antibody. immunoglobulin. In such an embodiment, increased stability or increased
thermostability would be evident as an increase in the melting temperature transition in the antibody or a
functional fragment thereof relative to a corresponding WT IgA or a functional fragment thereof. In some
embodiments, the antibodies of a functional fragment thereof have a higher melting temperature than a
corresponding WT IgA antibody. In some embodiments, the melting temperature of the antibodies or a

functional fragment thereof of the present disclosure is higher than a corresponding WT IgA antibody by at
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least about 0.2 fold, 0.3 fold, 0.4 fold, 0.5 fold, 0.6 fold, 0.8 fold, 1.0 fold or higher. In some embodiments,
the melting temperature of the antibodies or a functional fragment thereof of the present disclosure is higher
than a corresponding WT IgA antibody by at least about 1°C,2°C,3°C,4°C,5°C,6°C,7°C,8°C,9°
C,10°C, 12 °C, 15° C, or more. In some embodiments, the antibodies, or a functional fragment thereof of
the present disclosure have a melting temperature of at least about 60 ° C, 65° C,70°C.,75°C,80°C,85°
C, 90 ° C or more. In some embodiments, this increased stability is in the absence of additional disulfide
bonds. Specifically, the increased stability is in the absence of additional disulfide bonds in the IgA heavy
chain constant region. In one embodiment, the CH3 domain of the antibody disclosed herein does not contain
additional disulfide bonds compared to the wild type CH3 domain. In an alternative embodiment, the CH3
domain of the antibody disclosed herein contains at least one disulfide bond compared to the wild type CH3
domain

[0384] Additional methods for measuring protein aggregation are described in U.S. patent application Ser.
No. 10/176,809, and US20030022243A1, the contents of which are incorporated herein by reference in their
entities. A variety of analytical techniques for measuring protein stability are available in the art, such as those
outlined below: Peptide and Protein Drug Delivery, 247-301, Vincent Lee Ed., Marcel Dekker, Inc., New
York, New York, Pubs., 1991; and Jones, A. Adv. Drug Delivery Rev. 10: 29-90, 1993. Stability can be
measured at a selected temperature for a selected time. Stability is determined qualitatively and / or
quantitatively in a variety of different ways, including determination of aggregate formation (e.g., using size
exclusion chromatography or by measuring turbidity and / or visual inspection). it can. The method is as
follows: assessment of charge heterogeneity using cation exchange chromatography or capillary zone
electrophoresis; analysis of amino-terminal or carboxy-terminal sequences; mass spectrometric analysis;
comparing reduced or complete antibodies SDS-PAGE analysis; peptide map (eg, trypsin or LYS-C) analysis;
determination of biological activity or antigen-binding function of an antibody. Instability includes one or
more of any of the following: aggregation, oxidation (e.g. Met oxidation), isomerization (e.g. Asp
isomerization), clipping / hydrolysis / fragmentation (E.g., fragmentation of the hinge region), succinimide
formation, unpaired cysteine, N-terminal extension, C-terminal processing, and the like. The term “reduced
aggregation” refers to reduction of aggregation of an antibody or a functional fragment thereof of the present
disclosure with other antibody molecules and/or with other macromolecule including serum proteins such as
albumin, as compared to aggregation exhibited by a corresponding WT IgA antibody.

[0385] The increased thermostability of an antibody relative to a corresponding WT IgA antibody or a
variant thereof can be determined by differential scanning calorimetry (DSC) using methods standard in the
art (see, for example, Sturtevant, 1987, Annual Review of Physical Chemistry 38: 463-488). The

increased thermostability of an antibody relative to a corresponding WT IgA antibody or a variant thereof can

also be determined using protein thermal unfolding analysis. Alternatively, the increased thermostability of of



10

15

20

25

30

WO 2020/197400 PCT/NL2020/050217

91

an antibody relative to a corresponding WT IgA antibody or a variant thereof can be determined using any
application assay for the antibody, where the performance of the antibody is compared to the WT. For

example, ADCC of a target cell, binding to an antigen, or binding to a FcoR on an immune cell.

Immune effector functions of IgA antibodies

[0386] Provided herein are engineered IgA variants or antibody comprising one or more modifications within
their heavy chain constant region relative to a corresponding WT IgA antibody comprising a WT heavy chain
constant region. In some embodiments, the antibodies or the functional fragments thereof disclosed herein
(e.g., antibodies comprising one or more modifications disclosed herein) exhibit improved properties.

[0387] In some embodiments, an antibody or a functional fragment thereof, disclosed herein, exhibits at least
one increase in effector function as compared to a corresponding WT IgA antibody or a functional fragment
thereof. Effector functions are biological activities attributable to the Fc region of an antibody, which vary
with the antibody isotype. Examples of antibody effector functions include: C1q binding and complement
dependent cytotoxicity (CDC); Fc receptor binding; antibody-dependent cell-mediated cytotoxicity (ADCC);
phagocytosis. For example, an antibody or a functional fragment thereof, disclosed herein exhibits at least one
increase in effector function as compared to a corresponding WT IgA antibody or a functional fragment
thereof or a corresponding WT IgG antibody. Antibody-dependent cellular cytotoxicity (ADCC) is the result
of the formation of a complex between the IgA Fab portion of the antibody with an antigen on a cell surface
and binding of the Fc portion to the Fc receptors (FcaRs), on immune effector cells. For example, an increase
in effector function can be increased binding affinity to an Fc receptor (e.g., FcaRs), increased ADCC;
increased cell mediated immunity; increased binding to cytotoxic CD8 T cells; increased binding to NK cells;
increased binding to macrophages; increased binding to polymorphonuclear cells; increased binding to
monocytes; increased binding to macrophages; increased binding to large granular lymphocytes; increased
binding to granulocytes; direct signaling inducing apoptosis; increased dendritic cell maturation; or increased
T cell priming, increased opsonization, or increased opsonophagocytosis. In some embodiments, the
antibodies or functional fragment thereof induce lysis of cancer cells. Lysis can be induced by any
mechanism, such as by mediating an effector function, such as Clq binding and complement dependent
cytotoxicity (CDC); Fc receptor binding; antibody-dependent cell-mediated cytotoxicity (ADCC);
phagocytosis, or direct induction of cell apoptosis.

ADCC

[0388] “ADCC activity” refers to the ability of an antibody to elicit an ADCC reaction. ADCC is a cell-
mediated reaction in which antigen-nonspecific cytotoxic cells that express FcRs (e.g., natural killer (NK)
cells, neutrophils, and macrophages) recognize antibody bound to the surface of a target cell and subsequently
cause lysis of (i.e., “kill”) the target cell (e.g., cancer cell). The primary mediator cells can be natural killer

(NK) cells, neutrophils. ADCC activity can be assessed directly using an in vitro assay, e.g., a 51Cr release
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assay using peripheral blood mononuclear cells (PBMC) and/or NK effector cells as described in the
Examples and Shields et al. (2001) J. Biol. Chem., 276:6591-6604, or another suitable method known in the
art. ADCC activity may be expressed as a concentration of antibody at which the lysis of target cells is half-
maximal. Accordingly, in some embodiments, the concentration of an antibody or antigen binding fragment
thereof of the disclosure, at which the lysis level is the same as the half-maximal lysis level by the wild-type
control, is at least 2-, 3-, 5-, 10-, 20-, 50-, 100-fold lower than the concentration of the wild-type control itself.
[0389] Additionally, in some embodiments, the antibody or a functional fragment thereof of the present
disclosure can exhibit a higher maximal target cell lysis as compared to a corresponding wild-type IgA. For
example, the maximal target cell lysis of an antibody or a functional fragment thereof of the disclosure can be
2%, 3%, 4%, 5%, 10%, 15%, 20%, 25% or more higher than that of a corresponding WT IgA antibody or a
corresponding WT IgG antibody. In some embodiments, the antibodies or a functional fragment thereof
disclosed herein induces increased ADCC, compared to a corresponding WT IgG antibody comprising an IgG
heavy chain constant domain. In some embodiments, the ADCC is increased by at least 2%, at least 5%, at
least 10%, at least 12%, at least 15%, at least 20%, at least 25%, at least 50 %, at least 65%, at least 70%, at
least 75%, at least 85%, at least 90%, at least 95%, at least 99%, at least 100%, at least 150%, and at least

200%, relative to a corresponding WT IgG antibody.

CDC

[0390] “Complement dependent cytotoxicity” or “CDC” refer to the ability of a molecule to lyse a target
(e.g. cancer cell) in the presence of complement. The complement activation pathway is initiated by the
binding of the first component of the complement system (C1q) to a molecule (e.g. an antibody) complexed
with a cognate antigen. To assess complement activation, a CDC assay, e.g. as described in Gazzano-Santoro

et al., J. Immunol. Methods 202:163 (1996), may be performed.

Fc receptor binding

[0391] In some embodiments, the antibodies or a functional fragment thereof bind a Fc receptor. In some
embodiments, the Fc receptor is expressed on an immune effector cell. In some embodiments, the antibodies,
or a functional fragment thereof the present disclosure bind an Fc receptor on an immune effector cell and
induce an effector function such as ADCC, CDC, and/or cytolysis of a target cell (e.g., a cancer cell). In some
embodiments, the antibodies or a functional fragment thereof bind an IgA receptor. In one embodiment, the
IgA receptor is an Fc-alpha receptor (FcoR), such as an FeaR for human IgA. In some embodiments, the
FcoR are expressed on an immune effector cell. FcoRs are present on immune effector cells, for example,
monocytes, macrophages, neutrophils, and other myeloid cells. FcaRs can also be found on metamyelocytes,

myelocytes, promyelocytes and some myeloblasts from, e.g., bone marrow. Such receptors can also be found
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on myeloid cell lines, e.g., U937, PLB985, and HL60 cells. It has also been suggested that FcaRs are present
on lymphocytes. Expression of FcaRs can be increased by activation of myeloid cells. For example,
stimulation of U937 cells and PLB985 cells with Phorbol Myristic Acetate (PMA) increases the cell surface
level of FcoR several folds (Maliszewski, et al. (1990) J Exp. Med. 172:1665). Other agents which can
increase the surface level of FcaRs include calcitriol, 1-25 dihydroxy vitamin D3, and interferon-y (IFN-y).
[0392] FcaRs are capable of interacting with IgAl and IgA2, in the form of monomers, dimers, and
polymers. Binding of antibodies or a functional fragment thereof of the present disclosure to an immune
effector cell bearing these receptors (e.g., neutrophils) induces a variety of effector functions, such as
phagocytosis, antibody dependent cellular cytotoxicity (ADCC), inflammatory mediator release, lysozyme
production, and superoxide anion production (Maliszewski, et al. (1990) J Exp. Med. 172:1665).

[0393] Accordingly, the antibodies or a functional fragment thereof of the present disclosure (e.g., antibodies
comprising one or more modifications disclosed herein) are capable of triggering at least one Fc-receptor
mediated effector cell function. The term "Fc-receptor mediated effector cell function" is intended to include
effector functions, such as those set forth above, which are triggered by binding of immunoglobulin, e.g., IgA,
to an Fc receptor on an effector immune cell. An effector immune cell is a cell which is involved in the
effector phase of an immune response, as opposed to the cognitive and activation phases of an immune
response. Effector immune cells include lymphocytes (e.g., B cells and T cells including cytolytic T cells
(CTLs)), killer cells, natural killer cells, macrophages, monocytes, eosinophils, neutrophils,
polymorphonuclear cells, granulocytes, mast cells, and basophils. An effector immune cell can phagocytose a
target antigen, target cell, or microorganism. An effector immune cell can also lyse a target cell or a
microorganism.

[0394] In some embodiments, an effector immune cell is one that can induce ADCC (e. G. That, neutrophils
are capable of inducing ADCC) - dependent cells. For example, monocytes, macrophages, which express FcR
are to kill target cells specifically, is involved in presenting antigens to other components of the immune
system, or binding to antigen-presenting cells. In another embodiment, the effector immune cells can one that
induces phagocytosis for the target antigen, target cell, or microorganism. Effector immune cell can be a
macrophage inducing macrophage activity against a target antigen or a target cell or soluble.

[0395] The term "target cell” as used herein refers to a cell that can be targeted by the antibodies or a
functional fragment thereof of the present disclosure. In some embodiments, a target cell is a cell expressing
or overexpressing an antigen specifically recognized by the antibodies or a functional fragment thereof of the
present disclosure. It refers to any cell. In other embodiments, the target cells include tumor cells. The tumor
cells can be, for example, of any type, including breast cancer, ovarian cancer, prostate cancer, testicular
cancer, lung cancer, colon cancer, rectal cancer, pancreatic cancer, liver cancer, CNS cancer, renal cancer,

head cancer, neck cancer, blood cancer and lymphatic cancer of the tumor cells in cancer. In addition to tumor
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cells, a target cell can be, for example, IgE- producing lymphocytes for the treatment of autoantibodies
targeting or for the production of lymphocytes, allergy or for the treatment of autoimmune diseases. Further,
the target may be a microorganism (bacterium or virus) or a soluble antigen (such as rheumatoid factor similar
to, or different autoantibodies and toxins). Microorganism includes a pathogen (e.g., virus, bacteria, fungi,
protozoa). In some embodiments, a target cell can be a lymphocyte, for example, a CD20 expressing B cell.
[0396] In some embodiments, the antibody disclosed herein, exhibit increased binding affinity of to the Fe
receptor on an effector immune cell by at least about 2%, at least 5%, at least 10%, at least 12%, at least 15%,
at least 20%, at least 25%, at least 50 %, at least 65%, at least 70%, at least 75%, at least 85%, at least 90%, at

least 95%, or more relative to a corresponding WT IgA.

Binding to target antigen

[0397] In some embodiments, the antibody and functional fragment thereof of the present disclosure bind a
specific target antigen. The term "antigen" refers to any natural or synthetic immunogenic substance
immunogenic substance, a fragment or portion of an immunogenic substance, a peptide epitope or a hapten
(hapten). Also the term "antigen" is also included in the non-composite material in the form of a non-
immunogenic and, when complexed immunogenic. The term "non-complexed"” is connected to form a
molecular complex of the present invention includes the transfer of material. The term is connected to
"composite” includes a substance that forms a molecular complex of the present invention. In some
embodiments a target antigen is expressed or overexpressed on a target cell. In some embodiments, binding of
the antibodies or a functional fragment thereof to a target antigen induces Fc mediated cytolysis of the target
cell expressing the target antigen (e.g., by ADCC). In some embodiments binding of the antibodies or a
functional fragment thereof of a present disclosure to a target antigen induces “neutralizing activity” of the
target antigen. The term “neutralizing activity” as used herein refers to the ability of the antibodies or a

functional fragment thereof to block binding of a cognate ligand to a target antigen.

Reduced glycosylation

[0398] In some embodiments, the antibodies or the functional fragment thereof of the present disclosure
exhibit reduced glycosylation compared to a corresponding WT IgA. The antibodies can be completely
aglycosylated or partially. The term “glycosylation” refers to the covalent linking of one or more
carbohydrates to a polypeptide. Typically, glycosylation is a posttranslational event which can occur within
the intracellular milieu of a cell or extract therefrom. The term glycosylation includes, for example, N-
linked glycosylation (where one or more sugars are linked to an asparagine residue) and/or O-linked
glycosylation (where one or more sugars are linked to an amino acid residue having a hydroxyl group (e.g.,

serine or threonine). In preferred embodiments, glycosylation refers to N-linked glycosylation. In some
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embodiments, reduced glycosylation can be achieved by modifying the asparagine residue in a naturally
occurring glycosylation site. In some embodiments, reduced glycosylation is achieved by modifying amino
acid residues that are near or within a naturally occurring glycosylation motif or a naturally occurring
glycosylation site, for example, an N-linked glycosylation site that contains the amino acid sequence NXT
or NXS. In some embodiments, reduced glycosylation is achieved by modifying at least one, at least two, at
least three, at least four or more naturally occurring glycosylation site. In some embodiments, the naturally
occurring glycosylation site is in a CH2 region. In some embodiments, the naturally occurring glycosylation
site is in a CH3 region. In some embodiments, the naturally occurring glycosylation site is in a CH1 region.
Consensus motifs, that is, the amino acid sequence recognized by various glycosyl transferases, have been
described. For example, the consensus motif for an N-linked glycosylation motif is frequently NXT or
NXS, where X can be any amino acid except proline Accordingly, to identify potential glycosylation sites
within an antibody or Fc-containing fragment, the sequence of the antibody is examined, for example, by
using publicly available databases such as the website provided by the Center for Biological Sequence
Analysis (see www.cbs.dtu.dk/services/NetNGlyc/ for predicting N-linked glycosylation sites) and
www.cbs.dtu.dk/services/NetOGlyc/ for predicting O-linked glycosylation sites). Methods to measure
glycosylation are known in the art, for example, see Roth et al, International Journal of Carbohydrate
Chemistry, Volume 2012, Article ID 640923, and WO2003102018A2, the contents of which are
incorporated herein by reference in its entirety.

[0399] In some embodiments, the antibody disclosed herein, exhibit reduced glycosylation by at least about
2%, at least 5%, at least 10%, at least 12%, at least 15%, at least 20%, at least 25%, at least 50 %, at least
65%, at least 70%, at least 75%, at least 85%, at least 90%, at least 95%, or more relative to a corresponding
WT IgA. In some embodiments, the antibodies or a functional fragment disclosed herein are partially
glycosylated relative to a corresponding WT IgA antibody, for example, less than 100%, 90%, 80%, 70%,
60%, 50%, 40%, 30%, 20%, 10%, 5% or less. In some embodiments, antibodies or a functional fragment
thereof disclosed herein are completely glycosylated relative to a corresponding WT IgA antibody.
Biodistribution

In some embodiments, the IgA antibodies or a functional fragment thereof disclosed herein exhibit increased
biodistribution relative to a corresponding WT IgA antibody. As used herein, the term “biodistribution” refers
to the cellular and/or tissue and/or organ distribution of an IgA antibody or a functional fragment thereof
disclosed herein that is administered or delivered to a subject. As used herein, the terms “increased
biodistribution” generally refer to the ability of an IgA antibody or a functional fragment thereof disclosed
herein that has an increased distribution to a target site, for example, targeted to a tumor or a tumor cell, as
compared to the response caused by either vehicle or a corresponding WT IgA antibody. Various methods

known to the skilled artisan can be used to assessed and increased biodistribution of cells or tissues, including,
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but not limited to: nuclear medicine, whole body autoradiography, micro-autoradiography; phosphor imaging,
cryo-imaging, nano-secondary ion mass spectroscopy (nanoSIMS), matrix-assisted laser desorption imaging
(MALDI-MS), radiography (X-Ray), magnetic resonance imaging (MRI), computed tomography (CT),
micro-ultrasound single photon emission CT (SPECT), positron emission tomography (PET) and the like. An
increased biodistribution of the antibody to a target site, includes an at least 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 100%, 125%, 150%, 175%, 200%, or greater increase compared to a vehicle or a WT
IgA antibody. An “increased” or “enhanced” tissue distribution or biodistribution is typically a “statistically
significant” increase, and may include an increase thatis 1.1, 1.2, 1.5, 2, 3,4, 5,6,7, 8, 9, 10, 15, 20, 30 or
more times (e.g., 500, 1000 times) (including all integers and decimal points in between and above 1, e.g.,
1.5, 1.6, 1.7. 1.8, etc.) the distribution of a vehicle or a control composition.

Methods of making an antibody:

[0400] In some embodiments, the antibody or antigen binding fragment thereof is prepared in a host cell.
In some embodiments, the antibody or antigen binding fragment thereof is isolated from a host cell. In some
embodiments, the antibody or antigen binding fragment thereof is prepared in a cell-free system. An
isolated nucleic acid molecule encoding the antibody, portion or polypeptide of the present disclosure can
be recombined with vector DNA (e.g., expression vector) in accordance with conventional techniques,
including blunt-ended or staggered-ended termini for ligation, restriction enzyme digestion to provide
appropriate termini, filling in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid
undesirable joining, and ligation with appropriate ligases. Techniques for such manipulations are disclosed,
e.g., by Maniatis et al., Molecular Cloning, Lab. Manual (Cold Spring Harbor Lab. Press, NY, 1982 and
1989), and Ausubel, 1987, 1993, and can be used to construct nucleic acid sequences which encode an
antibody molecule or antigen binding region thereof. Accordingly, the disclosure provides for a vector or
expression vector comprising the isolated nucleic acids set forth herein. In one embodiment, the nucleic
acid coding for the light chain and that coding for the heavy chain are isolated separately by the procedures
outlined above. In one embodiment, the isolated nucleic acid encoding the light chain and that coding for
the heavy chain may be inserted into separate expression plasmids, or together in the same plasmid, so long
as each is under suitable promoter and translation control.

[0401] Once the isolated nucleic acid molecule is placed into an expression vector, they are then
transfected into host cells such as E. coli cells, simian COS cells, human embryonic kidney 293 cells (e.g.,
293E cells), Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise produce
immunoglobulin protein, to obtain the synthesis of the antibody or an antigen-binding fragment thereof in
the recombinant host cells. Recombinant production of antibodies is well known in the art. Many vectors

are available. The vector components generally include, but are not limited to, one or more of the following:
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a signal sequence, an origin of replication, one or more selective marker genes, an enhancer element, a
promoter, and a transcription termination sequence.

[0402] The isolated nucleic acid molecules are operably linked to an expression control sequence in the
vector DNA. Expression control sequence refers to DNA sequences necessary for the expression of an
operably linked coding sequence in a particular host organism. The control sequences that are suitable for
prokaryotes, for example, include a promoter, optionally an operator sequence, and a ribosome binding site.
Eukaryotic cells are known to utilize promoters, polyadenylation signals, and enhancers. The term
“operably linked” or “transcriptional control” refers to functional linkage between a regulatory sequence
and a heterologous nucleic acid sequence resulting in expression of the latter. For example, a first nucleic
acid sequence is operably linked with a second nucleic acid sequence when the first nucleic acid sequence is
placed in a functional relationship with the second nucleic acid sequence. For instance, a promoter is
operably linked to a coding sequence if the promoter affects the transcription or expression of the coding
sequence. Operably linked DNA sequences can be contiguous with each other and, e.g., where necessary to
join two protein coding regions, are in the same reading frame.

[0403] Nucleic acid is operably linked when it is placed into a functional relationship with another nucleic
acid sequence. For example, a promoter or enhancer is operably linked to a coding sequence if it affects the
transcription of the sequence; or a ribosome binding site is operably linked to a coding sequence if it is
positioned so as to facilitate translation. Generally, operably linked means that the DNA sequences being
linked are contiguous, and/or can contiguous and in reading phase. However, enhancers do not have to be
contiguous. Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, the
synthetic oligonucleotide adaptors or linkers are used in accordance with conventional practice.

[0404] Cell, cell line, and cell culture are often used interchangeably and all such designations herein
include progeny. Transformants and transformed cells include the primary subject cell and cultures derived
therefrom without regard for the number of transfers. It is also understood that all progeny may not be
precisely identical in DNA content, due to deliberate or inadvertent mutations. Mutant progeny that have
the same function or biological activity as screened for in the originally transformed cell are included.
Where distinct designations are intended, it will be clear from the context. In an alternative embodiment,
suitable encoding nucleic acid sequences can be designed according to a universal codon table, based on the
known amino acid sequence of an immunoglobulin of interest.

[0405] Amino acid sequence variants of the desired antibody may be prepared by introducing appropriate
nucleotide changes into the encoding DNA, or by peptide synthesis. Such variants include, for example,
deletions from, and/or insertions into and/or substitutions of, residues within the amino acid sequences of
the antibodies. Any combination of deletion, insertion, and substitution is made to arrive at the final

construct, provided that the final construct possesses the desired characteristics. The amino acid changes
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also may alter post-translational processes of the monoclonal, human, humanized, or variant antibody, such
as changing the number or position of glycosylation sites.

[0406] Nucleic acid molecules encoding amino acid sequence variants of the antibody are prepared by
various methods. These methods include, but are not limited to, isolation from a natural source (in the case
of naturally occurring amino acid sequence variants) or preparation by oligonucleotide-mediated (or site-
directed) mutagenesis, PCR mutagenesis, and cassette mutagenesis of an earlier prepared variant or a non-
variant version of the antibody.

[0407] The present disclosure also provides isolated nucleic acid molecules encoding for antibodies or
antigen binding fragment thereof, described herein, optionally operably linked to regulatory control
sequences recognized by a host cell, vectors and host cells comprising the nucleic acids, and
recombinant techniques for the production of the antibodies, which may comprise culturing the host cell
so that the nucleic acid is expressed and, optionally, recovering the antibody from the host cell culture or
culture medium.

[0408] For recombinant production of an antibody or antigen binding fragment thereof, the nucleic acid
molecule encoding it can be isolated and inserted into a replicable vector for further cloning
(amplification of the DNA) or for expression. Accordingly provided herein are isolated antibody or antigen
binding fragment thereof. In some embodiments, the antibodies or the present disclosure or antigen binding
fragment thereof can be recombinant antibody. The term “recombinant antibody” refers to an antibody that
is expressed from a cell or cell line transfected with an expression vector (or possibly more than one
expression vector, typically two expression vectors) comprising the coding sequence of the antibody, where
said coding sequence is not naturally associated with the cell. In one embodiment, a recombinant antibody
has a glycosylation pattern that is different than the glycosylation pattern of an antibody having the same
sequence if it were to exist in nature. In one embodiment, a recombinant antibody is expressed in a
mammalian host cell which is not a human host cell. Notably, individual mammalian host cells have unique
glycosylation patterns.

[0409] In some embodiments, the antibodies or antigen binding fragment of the present disclosure is
synthetic. The polypeptides of the present disclosure can be purified by isolation/purification methods for
proteins generally known in the field of protein chemistry.

[0410] In one aspect, provided herein is a host cell comprising the isolated nucleic acid molecules
described herein or a vector comprising said isolated nucleic acid molecules described herein. The vector
can be a cloning vector or an expression vector. Suitable host cells for cloning or expressing the DNA in the
vectors herein are the prokaryote, yeast, or higher eukaryote cells described above. Suitable prokaryotes for
this purpose include eubacteria, such as Gram-negative or Gram-positive organisms, for example,

Enterobacteriaceae such as Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella,
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e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B.
subtilis and B. licheniformis (e.g., B. licheniformis 41 P disclosed in DD 266,710 published Apr. 12, 1989),
Pseudomonas such as P. aeruginosa, and Streptomyces. One preferred E. coli cloning host is E. coli 294
(ATCC 31,446), although other strains such as E. coli B, E. coli X1 776 (ATCC 31,537), and E. coli W3110
(ATCC 27,325) are suitable. These examples are illustrative rather than limiting.

[0411] In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable
cloning or expression hosts for antibody-encoding vectors. Saccharomyces cerevisiae, or common baker's
yeast, is the most commonly used among lower eukaryotic host microorganisms. However, a number of
other genera, species, and strains are commonly available and useful herein, such as Schizosaccharomyces
pombe; Kluyveromyces hosts such as, e.g., K. lactis, K. fragilis (ATCC 12,424), K. bulgaricus (ATCC
16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 56,500), K. drosophilarum (ATCC 36,906), K.
thermotolerans, and K. marxianus; yarrowia (EP 402,226); Pichia pastors (EP 183,070); Candida;
Trichoderma reesia (EP 244,234); Neurospora crassa; Schwanniomyces such as Schwanniomyces
occidentalis; and filamentous fungi such as, e.g., Neurospora, Penicillium, Tolypocladium, and
Aspergillus hosts such as A. nidulans and A. niger.

[0412] Examples of invertebrate cells include plant and insect cells. Numerous baculoviral strains and
variants and corresponding permissive insect host cells from hosts such as Spodoptera frugiperda
(caterpillar), Aedes aegypti (mosquito), Aedes albopictus (mosquito), Drosophila melanogaster (fruitfly),
and Bombyx mori have been identified. A variety of viral strains for transfection are publicly available, e.g.,
the L-1 variant of Autographa californica NPV and the Bm-5 strain of Bombyx mori NP\7, and such viruses
may be used as the virus herein according to the present invention, particularly for transfection of
Spodoptera frugiperda cells.

[0413] Plant cell cultures of cotton, com, potato, soybean, petunia, tomato, tobacco, lemna, and other plant
cells can also be utilized as hosts. However, interest has been greatest in vertebrate cells, and propagation of
vertebrate cells in culture (tissue culture) has become routine procedure. Examples of useful mammalian
host cell lines are Chinese hamster ovary cells, including CHOKI cells (ATCC CCL61), DXB-11, DG-44,
and Chinese hamster ovary cells/-DHFR (CHO, Urlaub et al., Proc. Natl. Acad. Sci. USA 77: 4216 (1980));
monkey kidney CVl1 line transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line
(293 or 293 cells subcloned for growth in suspension culture, [Graham et al., J. Gen Viral. 36: 59 (1977)];
baby hamster kidney cells (BHK, ATCC CCL 10); mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:
243-251 (1980)); monkey kidney cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-
76, ATCC CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells
(MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138,
ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC
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CCL51); TRI cells (Mather et al., Annals N.Y Acad. Sci. 383: 44-68 (1982)); MRC 5 cells; FS4 cells; and a
human hepatoma line (Hep G2).

[0414] Host cells are transformed or transfected with the above-described expression or cloning vectors for
antibody production and cultured in conventional nutrient media modified as appropriate for inducing
promoters, selecting transformants, or amplifying the genes encoding the desired sequences. In addition,
novel vectors and transfected cell lines with multiple copies of transcription units separated by a selective
marker are particularly useful and preferred for the expression of antibodies, described herein.

[0415] For transfection of the expression vectors and production of the chimeric, humanized, or composite
human antibodies described herein, the recipient cell line can be a myeloma cell. Myeloma cells can
synthesize, assemble and secrete immunoglobulins encoded by transfected immunoglobulin nucleic acid
sequences and possess the mechanism for glycosylation of the immunoglobulin. For example, in some
embodiments, the recipient cell is the recombinant Ig-producing myeloma cell SP2/0 (ATCC #CRL 8287).
SP2/0 cells produce only immunoglobulin encoded by the transfected genes. Myeloma cells can be grown
in culture or in the peritoneal cavity of a mouse, where secreted immunoglobulin can be obtained from
ascites fluid. Other suitable recipient cells include lymphoid cells such as B lymphocytes of human or non-
human origin, hybridoma cells of human or non-human origin, or interspecies heterohybridoma cells. An
expression vector carrying a chimeric, humanized, or composite human antibody construct or antibody
polypeptide described herein can be introduced into an appropriate host cell by any of a variety of suitable
means, including such biochemical means as transformation, transfection, conjugation, protoplast fusion,
calcium phosphate -precipitation, and application with polycations such as diethylaminoethyl (DEAE)
dextran, and such mechanical means as electroporation, direct microinjection, and microprojectile
bombardment. Johnston et al., 240 Science 1538 (1988), as known to one of ordinary skill in the art.
[0416] Yeast provides certain advantages over bacteria for the production of immunoglobulin H and L
chains. Yeasts carry out post-translational peptide modifications including glycosylation. A number of
recombinant DNA strategies exist that utilize strong promoter sequences and high copy number plasmids
which can be used for production of the desired proteins in yeast. Yeast recognizes leader sequences of
cloned mammalian gene products and secretes peptides bearing leader sequences (i.e., pre-peptides).
Hitzman et al., 11th Intl. Conf. Yeast, Genetics & Molec. Biol. (Montpelier, France, 1982). Yeast gene
expression systems can be routinely evaluated for the levels of production, secretion and the stability of
antibody polypeptide or antigen binding fragment peptide thereof, and assembled chimeric, humanized, or
composite human antibodies, fragments and regions thereof. Any of a series of yeast gene expression
systems incorporating promoter and termination elements from the actively expressed genes coding for
glycolytic enzymes produced in large quantities when yeasts are grown in media rich in glucose can be

utilized. Known glycolytic genes can also provide very efficient transcription control signals. For example,



10

15

20

25

30

WO 2020/197400 PCT/NL2020/050217

101

the promoter and terminator signals of the phosphoglycerate kinase (PGK) gene can be utilized. A number
of approaches can be taken for evaluating optimal expression plasmids for the expression of cloned
immunoglobulin cDNAs in yeast.

[0417] Bacterial strains can also be utilized as hosts for the production of the antibody molecules or
fragments thereof described herein, E. coli K12 strains such as E. coli W3110 (ATCC 27325), Bacillus
species, enterobacteria such as Salmonella typhimurium or Serratia marcescens, and various Pseudomonas
species can be used. Plasmid vectors containing replicon and control sequences which are derived from
species compatible with a host cell are used in connection with these bacterial hosts. The vector carries a
replication site, as well as specific genes which are capable of providing phenotypic selection in
transformed cells. A number of approaches can be taken for evaluating the expression plasmids for the
production of chimeric, humanized, or composite humanized antibodies and fragments thereof encoded by
the cloned immunoglobulin cDNAs or CDRs in bacteria {see Glover, 1985; Ausubel, 1987, 1993;
Sambrook, 1989; Colligan, 1992-1996).

[0418] Host mammalian cells can be grown in vitro or in vivo. Mammalian cells provide post-translational
modifications to immunoglobulin protein molecules including leader peptide removal, folding and assembly
of H and L chains, glycosylation of the antibody molecules, and secretion of functional antibody protein.
Mammalian cells which can be useful as hosts for the production of antibody proteins, in addition to the
cells of lymphoid origin described above, include cells of fibroblast origin, such as Vero (ATCC CRL 81)
or CHO-K1 (ATCC CRL 61) cells. Exemplary eukaryotic cells that can be used to express polypeptides
include, but are not limited to, COS cells, including COS 7 cells; 293 cells, including 293-6E cells; CHO
cells, including CHO-S and DG44 cells; PER.C6.RTM. cells (Crucell); and NSO cells. In some
embodiments, a particular eukaryotic host cell is selected based on its ability to make desired post-
translational modifications to the variable heavy chains and/or variable light chains. For example, in some
embodiments, CHO cells produce polypeptides that have a higher level of sialylation than the same
polypeptide produced in 293 cells.

[0419] In some embodiments, polypeptides of the antibodies or antigen binding fragment thereof, disclosed
herein can be produced in vivo in an animal that has been engineered or transfected with one or more
nucleic acid molecules encoding the polypeptides, according to any suitable method.

[0420] In some embodiments, an antibody or antigen binding fragment thereof is produced in a cell-free
system. Nonlimiting exemplary cell-free systems are described, e.g., in Sitaraman et al., Methods Mol. Biol.
498: 229-44 (2009); Spirin, Trends Biotechnol. 22: 538-45 (2004); Endo et al., Biotechnol. Adv. 21: 695-
713 (2003).

[0421] Many vector systems are available for the expression of H and L chain nucleic acid sequence in

mammalian cells (see Glover, 1985). Different approaches can be followed to obtain complete
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H2L2 antibodies. As discussed above, it is possible to co-express H and L chains in the same cells to
achieve intracellular association and linkage of H and L chains into complete tetrameric H2L2 antibodies
and/or antigen binding fragment peptides. The co-expression can occur by using either the same or different
plasmids in the same host. Genes for both H and L chains and/or CDR3 regions peptides can be placed into
the same plasmid, which is then transfected into cells, thereby selecting directly for cells that express both
chains. Alternatively, cells can be transfected first with a plasmid encoding one chain, for example the L
chain, followed by transfection of the resulting cell line with an H chain plasmid containing a second
selectable marker. Cell lines producing antigen binding peptide fragments and/or H2L.2molecules via either
route could be transfected with plasmids encoding additional copies of peptides, H, L, or H plus L chains in
conjunction with additional selectable markers to generate cell lines with enhanced properties, such as
higher production of assembled H2L2 antibody molecules or enhanced stability of the transfected cell lines.
[0422] Additionally, plants have emerged as a convenient, safe and economical alternative main-stream
expression systems for recombinant antibody production, which are based on large scale culture of
microbes or animal cells. Antibodies can be expressed in plant cell culture, or plants grown conventionally.
The expression in plants may be systemic, limited to sub-cellular plastids, or limited to seeds (endosperms).
Several plant-derived antibodies have reached advanced stages of development (see, e.g., Biolex, NC).
[0423] In some aspects, provided herein are methods and systems for the production of a humanized
antibody, which is prepared by a process which comprises maintaining a host transformed with a first
expression vector which encodes the light chain of the humanized antibody and with a second expression
vector which encodes the heavy chain of the humanized antibody under such conditions that each chain is
expressed and isolating the humanized antibody formed by assembly of the thus-expressed chains. The first
and second expression vectors can be the same vector. Also provided herein are DNA sequences encoding
the light chain or the heavy chain of the humanized antibody; an expression vector which incorporates a
said DNA sequence; and a host transformed with a said expression vector. Generating a humanized
antibody from the sequences and information provided herein can be practiced by those of ordinary skill in
the art without undue experimentation. In one approach, there are four general steps employed to humanize
a monoclonal antibody. These are: (1) determining the nucleotide and predicted amino acid sequence of the
starting antibody light and heavy variable domains;(2) designing the humanized antibody, i.e., deciding
which antibody framework region to use during the humanizing process; (3) the actual humanizing

methodologies/techniques; and (4) the transfection and expression of the humanized antibody.

Purification
[0424] The term “isolated” means altered or removed from the natural state. For example, a nucleic acid or

a polypeptide (e.g. antibodies or antigen binding fragment thereof disclosed herein) naturally present in a
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living animal is not “isolated,” but the same nucleic acid or polypeptide partially or completely separated
from the coexisting materials of its natural state is “isolated.” An isolated nucleic acid molecule or
polypeptide can exist in substantially purified form, or can exist in a non-native environment such as, for
example, a host cell. An isolated polypeptide is one that has been separated and/or recovered from a
component of its natural environment. Contaminant components of its natural environment are materials
that would interfere with diagnostic or therapeutic uses of the polypeptide, and may include enzymes,
hormones, and other proteinaceous or non-proteinaceous components. In some embodiments, the antibodies
or antigen binding fragments thereof of the instant disclosure can be purified by a suitable method. In
preferred embodiments, the polypeptide is purified: (1) to greater than 95% by weight of polypeptide as
determined by the Lowry method, and most preferably more than 99% by weight; (2) to a degree sufficient
to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a spinning cup
sequenator; or (3) to homogeneity as shown by SDS-PAGE under reducing or non-reducing conditions and
using Coomassie blue or, preferably, silver staining. Isolated antibody includes the polypeptide in situ
within recombinant cells since at least one component of the polypeptide’s natural environment will not be
present. Ordinarily, however, isolated polypeptide will be prepared by at least one purification step. In one
aspect, disclosed herein is a purified antibody or antigen-binding fragment as provided herein.

[0425] Once expressed, the whole antibodies, their dimers, individual light and heavy chains, or other
immunoglobulin forms of the present invention can be recovered and purified by known techniques, e.g.,
immunoabsorption or immunoaffinity chromatography, chromatographic methods such as HPLC (high
performance liquid chromatography), ammonium sulfate precipitation, gel electrophoresis, or any
combination of these. See generally, Scopes, PROTEIN PURIF. (Springer-Verlag, NY, 1982). Substantially
pure immunoglobulins of at least about 90% to 95% homogeneity are advantageous, as are those with 98%
to 99% or more homogeneity, particularly for pharmaceutical uses. When using recombinant techniques,
the antibody can be produced intracellularly, in the periplasmic space, or directly secreted into the medium,
including from microbial cultures. If the antibody is produced intracellularly, as a first step, the particulate
debris, either host cells or lysed fragments, is removed, for example, by centrifugation or ultrafiltration.
Better et al. Science 240: 1041-1043 (1988); ICSU Short Reports 10: 105 (1990); and Proc. Natl. Acad. Sci.
USA 90: 457-461 (1993) describe a procedure for isolating antibodies which are secreted to the periplasmic
space of E. coli. (See also, [Carter et al., Bio/Technology 10: 163-167 (1992)].

[0426] The antibody composition isolated from microbial or mammalian cells can be purified using, for
example, hydroxylapatite chromatography cation or avian exchange chromatography, and affinity
chromatography, with affinity chromatography being the preferred purification technique. The suitability of
protein A as an affinity ligand depends on the species and isotype of any immunoglobulin Fe domain that is

present in the antibody. Protein A can be used to purify antibodies that are based on human yl, y2, or y4
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heavy chains (Lindmark et al., J. Immunol. Meth. 62: 1-13 (1983)). Protein G is recommended for all
mouse isotypes and for human y3 (Guss et al., EMBO J. 5: 15671575 (1986)). The matrix to which the
affinity ligand is attached is most often agarose, but other matrices are available. Mechanically stable
matrices such as controlled pore glass or poly(styrenedivinyl)benzene allow for faster flow rates and shorter
processing times than can be achieved with agarose. Where the antibody comprises a CH 3 domain, the
Bakerbond ABX™ resin (J. T. Baker, Phillipsburg, N.J.) is useful for purification. Other techniques for
protein purification such as fractionation on an ion-exchange column, ethanol precipitation, Reverse Phase
HPLC, chromatography on silica, chromatography on heparin SEPHAROSE™ chromatography on an
anion or cation exchange resin (such as a polyaspartic acid column), chromatofocusing, SDS-PAGE, and
ammonium sulfate precipitation are also available depending on the antibody to be recovered. Once
purified, partially or to homogeneity as desired, a humanized or composite human antibody can then be
used therapeutically or in developing and performing assay procedures, immunofluorescent staining, and
the like. See generally, Vols. I & II Immunol. Meth. (Lefkovits & Pernis, eds., Acad. Press, NY, 1979 and
1981).

[0427] Functional activities of an antibody or antigen-binding fragment disclosed herein. Such functional
activities include biological activity and ability to bind to a cancer cell antigen. Additionally, a polypeptide
having functional activity means the polypeptide exhibits activity similar, but not necessarily identical to,
an activity of an antibody described herein, including mature forms, as measured in a particular assay, such
as, for example, a biological assay, with or without dose dependency. In the case where dose dependency
does exist, it need not be identical to that of the antibodies of the disclosure, but rather substantially similar
to the dose-dependence in a given activity as compared to the antibodies set forth herein (i.e., the candidate
polypeptide will exhibit greater activity, or not more than about 25-fold less, about 10-fold less, or about 3-

fold less activity relative to the antibodies described herein).

Nucleic Acid Molecules Encoding Antibodies

[0428] Using the information provided herein, for example, nucleic acid and amino acid sequences of the
antibodies; a nucleic acid molecule encoding the antibodies or antigen-binding fragment thereof can be
easily obtained by a skilled artisan. Such a nucleic acid molecule can be obtained, for example, using
conventional methods disclosed in the art. Nucleic acid molecules of the present disclosure may be in the
form of RNA, such as mRNA, hnRNA, tRNA or any other form, or in the form of DNA, including but not
limited to, cDNA and genomic DNA obtained by cloning or produced synthetically, or any combinations
thereof. The DNA may be triplex, duplex or single-stranded, or any combination thereof. Any portion of at
least one strand of the DNA or RNA may be the coding strand, also known as the sense strand, or it can be

the antisense strand, also known as the antisense strand.
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[0429] “Polynucleotide,” or “nucleic acid molecule,” as used interchangeably herein, refer to polymers of
nucleotides of any length, and include DNA and RNA. The nucleotides can be deoxyribonucleotides,
ribonucleotides, modified nucleotides or bases, and/or their analogs, or any substrate that can be
incorporated into a polymer by DNA or RNA polymerase. A nucleic acid molecule can comprise modified
nucleotides, such as methylated nucleotides and their analogs. If present, modification to the nucleotide
structure may be imparted before or after assembly of the polymer. The sequence of nucleotides may be
interrupted by non-nucleotide components. A polynucleotide may be further modified after polymerization,
such as by conjugation with a labeling component. Other types of modifications include, for example,
“caps”, substitution of one or more of the naturally occurring nucleotides with an analog, internucleotide
modifications such as, for example, those with uncharged linkages (e.g., methyl phosphonates,
phosphotriesters, phosphoamidates, cabamates, etc.) and with charged linkages (e.g., phosphorothioates,
phosphorodithioates, etc.), those containing pendant moieties, such as, for example, proteins (e.g.,
nucleases, toxins, antibodies, signal peptides, ply-L-lysine, etc.), those with intercalators (e.g., acridine,
psoralen, etc.), those containing chelators (e.g., metals, radioactive metals, boron, oxidative metals, etc.),
those containing alkylators, those with modified linkages (e.g., alpha anomeric nucleic acids, etc.), as well
as unmodified forms of the polynucleotide(s). Further, any of the hydroxyl groups ordinarily present in the
sugars may be replaced, for example, by phosphonate groups, phosphate groups, protected by standard
protecting groups, or activated to prepare additional linkages to additional nucleotides, or may be
conjugated to solid supports. The 5" and 3’ terminal OH can be phosphorylated or substituted with amines or
organic capping group moieties of from 1 to 20 carbon atoms. Other hydroxyls may also be derivatized to
standard protecting groups. Polynucleotides can also contain analogous forms of ribose or deoxyribose
sugars that are generally known in the art, including, for example, 2’-O-methyl-, 2’-O-allyl, 2"-fluoro- or 2'-
azido-ribose, carbocyclic sugar analogs, a-anomeric sugars, epimeric sugars such as arabinose, xyloses or
lyxoses, pyranose sugars, furanose sugars, sedoheptuloses, acyclic analogs and abasic nucleoside analogs
such as methyl riboside. One or more phosphodiester linkages may be replaced by alternative linking
groups. These alternative linking groups include, but are not limited to, embodiments wherein phosphate is
replaced by P(O)S(“thioate”), P(S)S (“dithioate”), “(O)NR2 (“amidate”), P(O)R, P(O)OR’, CO or CH2
(“formacetal”), in which each R or R’ is independently H or substituted or unsubstituted alkyl (1-20 C)
optionally containing an ether (—O—) linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl or araldyl. Not all
linkages in a polynucleotide need be identical. The preceding description applies to all polynucleotides
referred to herein, including isolated nucleic acid, RNA and DNA.

[0430] In the context of the present invention, the following abbreviations for the commonly occurring

nucleic acid bases are used. “A” refers to adenosine, “C” refers to cytosine, “G” refers to guanosine, “T”



10

15

20

25

30

WO 2020/197400 PCT/NL2020/050217

106

refers to thymidine, and “U” refers to uridine. In some embodiments, the nucleic acid molecule comprises
an isolated nucleic acid.

[0431] The nucleic acids can be present in whole cells, in a cell lysate, or in a partially purified or
substantially pure form. A nucleic acid molecule is “isolated” or “rendered substantially pure” when
purified away from other cellular components or other contaminants, e.g., other cellular nucleic acids or
proteins, by standard techniques, including, but not limited to alkaline/SDS treatment, CsCl banding,
column chromatography, agarose gel electrophoresis and others well known in the art. See, F. Ausubel, et
al., ed. (1987) Current Protocols in Molecular Biology, Greene Publishing and Wiley Interscience, New
York. A nucleic acid according to at least some embodiments of the disclosure can be, for example, DNA
or RNA and may or may not contain intronic sequences. In a preferred embodiment, the nucleic acid is a
cDNA molecule.

[0432] Another aspect of the present disclosure pertains to nucleic acid molecules comprising nucleic acid
sequences that encode the antibody polypeptide or a functional fragment thereof, described herein or
antigen-binding fragment thereof. In some embodiments, the isolated nucleic acid molecule comprises a
nucleic acid sequence encoding a modified IgA heavy chain constant region. In some embodiments, the
nucleic acid sequence encoding a modified IgA heavy chain constant region comprises a sequence selected
from any one of SEQ ID NOs 25-32. In some embodiments, the nucleic acid sequence encoding a variable
heavy chain polypeptide is selected from SEQ ID NOs.: 87-84. In some embodiments, the isolated nucleic
acid molecule comprises a nucleic acid sequence encoding a light chain variable region polypeptide of an
antibody. In some embodiments, the nucleic acid sequence encoding a light chain variable region
polypeptide is selected from SEQ ID NOs.: 101-108.

[0433] Once DNA fragments encoding VH and VL segments are obtained, these DNA fragments can be
further manipulated by standard recombinant DNA techniques, for example to convert the variable region
genes to full-length antibody chain genes, to Fab fragment genes or to a scFv gene. In these manipulations,
a VL- or VH-encoding DNA fragment is operatively linked to another DNA fragment encoding another
protein, such as an antibody constant region or a flexible linker. The term “operatively linked”, as used in
this context, is intended to mean that the two DNA fragments are joined such that the amino acid sequences
encoded by the two DNA fragments remain in-frame. The isolated DNA encoding the VH region can be
converted to a full-length heavy chain gene by operatively linking the VH-encoding DNA to another DNA
molecule encoding heavy chain constant regions (CH1, CH2 and CH3). The sequences of human heavy
chain constant region genes are known in the art (see e.g., Kabat, E. A_, et al. (1991) Sequences of Proteins
of Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH Publication
No. 91-3242) and DNA fragments encompassing these regions can be obtained by standard PCR

amplification. The heavy chain constant region can be an IgA1 or a I[gA2 constant region. For a Fab
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fragment heavy chain gene, the VH-encoding DNA can be operatively linked to another DNA molecule
encoding only the heavy chain CH1 constant region.

[0434] The isolated DNA encoding the VL region can be converted to a full-length light chain gene (as
well as a Fab light chain gene) by operatively linking the VL-encoding DNA to another DNA molecule
encoding the light chain constant region, CL. The sequences of human light chain constant region genes are
known in the art (see e.g., Kabat, E. A., et al. (1991) Sequences of Proteins of Immunological Interest, Fifth
Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242) and DNA
fragments encompassing these regions can be obtained by standard PCR amplification. The light chain
constant region can be a kappa or lambda constant region, but most preferably is a kappa constant region.
[0435] To create a scFv gene, the VH- and VL-encoding DNA fragments are operatively linked to another
fragment encoding a flexible linker, e.g., encoding the amino acid sequence (Gly-4-Ser)3, such that the VH
and VL sequences can be expressed as a contiguous single-chain protein, with the VL and VH regions
joined by the flexible linker (see e.g., Bird et al. (1988) Science 242:423-426; Huston et al. (1988) Proc.
Natl. Acad. Sci. USA 85:5879-5883; McCafferty et al., (1990) Nature 348:552-554).

[0436] Nucleic acid molecules isolated from the present disclosure can include nucleic acid molecules
comprising an open reading frame (ORF), optionally with one or more introns, e.g., but not limited to, at
least one specified portion of at least a CDR, as CDR1, CDR2 and / or CDR3 of at least one light chain;
nucleic acid molecules comprising the coding sequence of a cancer associated antibody disclosed herein or
variable region e.g., variable regions of the light chain; and nucleic acid molecules comprising a nucleotide
sequence substantially different from those described above but which, due to the degeneracy of the genetic
code, still encode at least antibody or antigen binding fragment thereof as described herein and / or as it is
known in the art. Of course, the genetic code is well known in the art. Therefore, it would be routine for one
skilled in the art to generate such degenerate nucleic acid variants encoding specific antibodies of the
present disclosure. See for example, Ausubel et al., Supra, and such nucleic acid variants are included in the
present invention.

[0437] Nucleic acid molecules comprising nucleic acid sequence that encode one or more chains of an
antibody are provided herein. In some embodiments, a nucleic acid molecule comprises a nucleic acid
sequence that encodes a heavy chain or a light chain of an antibody. In some embodiments, a nucleic acid
molecule comprises both a nucleic acid sequence that encodes a heavy chain and a nucleic acid sequence
that encodes a light chain, of an antibody. In some embodiments, a first nucleic acid molecule comprises a
first nucleic acid sequence that encodes a heavy chain and a second nucleic acid molecule comprises a
second nucleic acid sequence that encodes a light chain.

[0438] In some embodiments, the heavy chain and the light chain are expressed from one nucleic acid

molecule, or from two separate nucleic acid molecules, as two separate polypeptides. In some
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embodiments, such as when an antibody is an scFv, a single nucleic acid sequence encodes a single
polypeptide comprising both a heavy chain and a light chain linked together.

[0439] In some embodiments, a nucleic acid sequence encoding a heavy chain or light chain of an antibody
disclosed herein comprises a nucleic acid sequence that encodes at least one of the CDRs provided herein.
In some embodiments, a nucleic acid sequence encoding a heavy chain or light chain of an antibody
disclosed herein comprises a sequence that encodes at least 3 of the CDRs provided herein. In some
embodiments, a nucleic acid sequence encoding a heavy chain or light chain of an antibody comprises a
sequence that encodes at least 6 of the CDRs provided herein. In some embodiments, a nucleic acid
sequence encoding a heavy chain or light chain of an antibody comprises a nucleotide sequence that
encodes a leader sequence, which, when translated, is located at the N terminus of the heavy chain or light
chain. The leader sequence may be the native heavy or light chain leader sequence, or may be another
heterologous leader sequence. The term “leader sequence” refers to a sequence of amino acid residues
located at the N-terminus of a polypeptide that facilitates secretion of a polypeptide from a mammalian cell.
A leader sequence can be cleaved upon export of the polypeptide from the mammalian cell, forming a
mature protein. Leader sequences can be natural or synthetic, and they can be heterologous or homologous
to the protein to which they are attached.

[0440] In some embodiments, the nucleic acid molecule is one that encodes for any of the amino acid
sequences for the variable light chain and variable heavy chain in the Tables 7-8 herein. In some
embodiments, the nucleic acid sequence is one that is at least 80% identical to a nucleic acid encoding any
of the amino acid sequences variable light chain and variable heavy chain in the Tables 7-8 herein, for
example, at least 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical. In some embodiments, the
nucleic acid is one that hybridizes to any one or more of the nucleic acid sequences provided herein. In
some of the embodiments, the hybridization is under moderate conditions. In some embodiments, the
hybridization is under highly stringent conditions, such as: at least about 6X SSC and 1% SDS at 65°C, with
a first wash for 10 minutes at about 42°C with about 20% (v/v) formamide in 0.1X SSC, and with a
subsequent wash with 0.2 X SSC and 0.1% SDS at 65°C.

[0441] Nucleic acid molecules can be constructed using recombinant DNA techniques conventional in the
art. In some embodiments, a nucleic acid molecule is placed in an expression vector that is suitable for
expression in a selected host cell.

[0442] Vectors comprising nucleic acid molecules that encode the antibodies or antigen binding fragment
herein are provided. Vectors comprising nucleic acid molecules that encode a heavy chains and/or a light
chains are also provided. Such vectors include, but are not limited to, DNA vectors, phage vectors, viral
vectors, retroviral vectors, etc. In one embodiment, the nucleic acid coding for the light chain and that

coding for the heavy chain are isolated separately by the procedures outlined above. In one embodiment, the
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isolated nucleic acid encoding the light chain and that coding for the heavy chain may be inserted into
separate expression plasmids, or together in the same plasmid, so long as each is under suitable promoter
and translation control. In some embodiments, the heavy chain and light chain are expressed as part of a
single polypeptide, such as, for example, when the antibody is an scFv.

[0443] In some embodiments, a first vector comprises a nucleic acid molecule that encodes a heavy chain
and a second vector comprises a nucleic acid molecule that encodes a light chain. In some embodiments,
the first vector and second vector are transfected into host cells in similar amounts (such as similar molar
amounts or similar mass amounts). In some embodiments, a mole- or mass-ratio of between 5:1 and 1:5 of
the first vector and the second vector is transfected into host cells. In some embodiments, a mass ratio of
between 1:1 and 1:5 for the vector encoding the heavy chain and the vector encoding the light chain is used.
In some embodiments, a mass ratio of 1:2 for the vector encoding the heavy chain and the vector encoding
the light chain is used. In some embodiments, a vector is selected that is optimized for expression of
polypeptides in CHO or CHO-derived cells, or in NSO cells. Exemplary such vectors are described, for
example, in Running Deer et al., Biotechnol. Prog.20:880-889 (2004).

[0444] In one aspect, the present disclosure provides methods for treatment or prevention of cancer
comprising administering nucleic acid molecules, wherein the nucleic acid molecules encode for a VH, VL,
CDR3 region of VH or CDR 3 region of VL or antigen binding fragment thereof, wherein the nucleic acid
molecule comprises a sequence disclosed herein (e.g. Table 3 or Table 4) by way of gene therapy. Gene
therapy refers to therapy performed by the administration to a subject of an expressed or expressible nucleic
acid. In this embodiment of the invention, the nucleic acids produce their encoded protein that mediates a
prophylactic or therapeutic effect. Any of the methods for gene therapy available in the art can be used
according to the embodiments herein.

[0445] For general reviews of the methods of gene therapy, see Goldspiel et al., 1993, Clinical Pharmacy
12:488-505; Wu and Wu, 1991, Biotherapy 3:87-95; Tolstoshev, 1993, Ann. Rev. Pharmacol. Toxicol.
32:573-596; Mulligan, 1993, Science 260:926-932; and Morgan and Anderson, 1993, Ann. Rev. Biochem.
62:191-217; May, 1993, TIBTECH 11(5):155-215 Methods. commonly known in the art of recombinant
DNA technology which can be used are described in Ausubel et al. (eds.), 1993, Current Protocols in
Molecular Biology, John Wiley & Sons, NY; and Kriegler, 1990, Gene Transfer and Expression, A
Laboratory Manual, Stockton Press, NY. Delivery of a therapeutic antibody to appropriate cells can be
effected via gene therapy ex vivo, in situ, or in vivo by use of any suitable approach known in the art,
including by use of physical DNA transfer methods (e.g., liposomes or chemical treatments) or by use of
viral vectors (e.g., adenovirus, adeno-associated virus, or a retrovirus). For example, for in vivo therapy, a
nucleic acid encoding the desired antibody, either alone or in conjunction with a vector, liposome, or

precipitate may be injected directly into the subject, and in some embodiments, may be injected at the site
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where the expression of the antibody compound is desired. For ex vivo treatment, the subject's cells are
removed, the nucleic acid is introduced into these cells, and the modified cells are returned to the subject
either directly or, for example, encapsulated within porous membranes which are implanted into the patient.
See, e.g. U.S. Pat. Nos. 4,892,538 and 5,283,187. There are a variety of techniques available for introducing
nucleic acids into viable cells. The techniques vary depending upon whether the nucleic acid is transferred
into cultured cells in vitro, or in vivo in the cells of the intended host. Techniques suitable for the transfer of
nucleic acid into mammalian cells in vitro include the use of liposomes, electroporation, microinjection, cell
fusion, DEAE-dextran, and calcium phosphate precipitation. A commonly used vector for ex vivo delivery
of a nucleic acid is a retrovirus.

[0446] The term “host cell” as used herein refers to the particular subject cell transfected with a nucleic
acid molecule and the progeny or potential progeny of such a cell. Progeny of such a cell may not be
identical to the parent cell transfected with the nucleic acid molecule due to mutations or environmental
influences that may occur in succeeding generations or integration of the nucleic acid molecule into the host
cell genome.

[0447] Other in vivo nucleic acid transfer techniques include transfection with viral vectors (such as
adenovirus, Herpes simplex I virus, or adeno-associated virus) and lipid-based systems. The nucleic acid
and transfection agent are optionally associated with a microparticle. Exemplary transfection agents include
calcium phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated transfection, quaternary
ammonium amphiphile DOTMA ((dioleoyloxypropyl) trimethylammonium bromide, commercialized as
Lipofectin by GIBCO-BRL))(Felgner et al, (1987) Proc. Natl. Acad. Sci. USA 84, 7413-7417; Malone et al.
(1989) Proc. Natl Acad. Sci. USA 86 6077-6081); lipophilic glutamate diesters with pendent
trimethylammonium heads (Ito et al. (1990) Biochem. Biophys. Acta 1023, 124-132); the metabolizable
parent lipids such as the cationic lipid dioctadecylamido glycylspermine (DOGS, Transfectam, Promega)
and dipalmitoylphosphatidyl ethanolamylspermine (DPPES)(J. P. Behr (1986) Tetrahedron Lett. 27, 5861-
5864; J. P. Behr et al. (1989) Proc. Natl. Acad. Sci. USA 86, 6982-6986); metabolizable quaternary
ammonium salts (DOTB, N-(1-[2,3-dioleoyloxy]propyl)-N,N,N-trimethylammonium methylsulfate
(DOTAP)(Boehringer Mannheim), polyethyleneimine (PEI), dioleoyl esters, ChoTB, ChoSC,
DOSC)(Leventis et al. (1990) Biochim. Inter. 22, 235-241); 3beta[N-(N',N'-dimethylaminoethane)-
carbamoyl]cholesterol (DC-Chol), dioleoylphosphatidyl ethanolamine (DOPE)/3beta[N-(N',N'
dimethylaminoethane)-carbamoyl] cholesterolDC-Chol in one to one mixtures (Gao ct al., (1991) Biochim.
Biophys. Acta 1065, 8-14), spermine, spermidine, lipopolyamines (Behr et al., Bioconjugate Chem, 1994,
5: 382-389), lipophilic polylysines (LPLL) (Zhou et al., (1991) Biochim. Biophys. Acta 939, 8-18), [[(1,
1,3,3 tetramethylbutyl)cresoxy]ethoxy]ethyl]Jdimethylbnzylammonium hydroxide (DEBDA hydroxide)
with excess phosphatidylcholine/cholesterol (Ballas et al., (1988) Biochim. Biophys. Acta 939, 8-18),
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cetyltrimethylammonium bromide (CTAB)/DOPE mixtures (Pinnaduwage et al, (1989) Biochim. Biophys.
Acta 985, 33-37), lipophilic diester of glutamic acid (TMAG) with DOPE, CTAB, DEBDA,
didodecylammonium bromide (DDAB), and stearylamine in admixture with phosphatidylethanolamine
(Rose et al., (1991) Biotechnique 10, 520-525), DDAB/ DOPE (TransfectACE, GIBCO BRL), and
oligogalactose bearing lipids. Exemplary transfection enhancer agents that increase the efficiency of
transfer include, for example, DEAE-dextran, polybrene, lysosome-disruptive peptide (Ohmori N I et al,
Biochem Biophys Res Commun Jun. 27, 1997; 235(3):726-9), chondroitan-based proteoglycans, sulfated
proteoglycans, polyethylenimine, polylysine (Pollard H et al. J Biol Chem, 1998 273 (13):7507-11),
integrin- binding peptide CYGGRGDTP, linear dextran nonasaccharide, glycerol, cholesteryl groups
tethered at the 3'-terminal internucleoside link of an oligonucleotide (Letsinger, R. L. 1989 Proc Natl Acad
Sci USA 86: (17):6553-6), lysophosphatide, lysophosphatidylcholine, lysophosphatidylethanolamine, and
1-oleoyl lysophosphatidylcholine.

[0448] In some situations, it may be desirable to deliver the nucleic acid with an agent that directs the
nucleic acid containing vector to target cells. Such "targeting” molecules include antibodies specific for a
cell-surface membrane protein on the target cell, or a ligand for a receptor on the target cell. Where
liposomes are employed, proteins which bind to a cell-surface membrane protein associated with
endocytosis may be used for targeting and/or to facilitate uptake. Examples of such proteins include capsid
proteins and fragments thereof tropic for a particular cell type, antibodies for proteins which undergo
internalization in cycling, and proteins that target intracellular localization and enhance intracellular half-
life. In other embodiments, receptor-mediated endocytosis can be used. Such methods are described, for
example, in Wu et al., 1987 or Wagner et al., 1990. For review of the currently known gene marking and
gene therapy protocols, see Anderson 1992. See also WO 93/25673 and the references cited therein.
Chimeric antigen receptor

[0449] In one aspect, the disclosure herein, provides a chimeric antigen receptor comprising, an antigen
binding fragment, disclosed herein, a transmembrane domain, and an intracellular signaling domain. The
term “chimeric Antigen Receptor” (CAR), “artificial T cell receptor”, “chimeric T cell receptor”, or
“chimeric immunoreceptor” as used herein refers to an engineered receptor, which grafts an arbitrary
specificity onto an immune effector cell. CARs typically have an extracellular domain (ectodomain), which
comprises an antigen-binding domain, a transmembrane domain, and an intracellular (endodomain) domain.
The term “signaling domain” refers to the functional portion of a protein which acts by transmitting
information within the cell to regulate cellular activity via defined signaling pathways by generating second
messengers or functioning as effectors by responding to such messengers.

[0450] An “intracellular signaling domain,” as the term is used herein, refers to an intracellular portion of a

molecule. The intracellular signaling domain generates a signal that promotes an immune effector function
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of the CAR containing cell, e.g., a CART cell. Examples of immune effector function, e.g., in a CART cell,
include cytolytic activity and helper activity, including the secretion of cytokines.

[0451] In an embodiment, the intracellular signaling domain can comprise a primary intracellular signaling
domain. Exemplary primary intracellular signaling domains include those derived from the molecules
responsible for primary stimulation, or antigen dependent simulation. In an embodiment, the intracellular
signaling domain can comprise a costimulatory intracellular domain. Exemplary costimulatory intracellular
signaling domains include those derived from molecules responsible for costimulatory signals, or antigen
independent stimulation. For example, in the case of a CART, a primary intracellular signaling domain can
comprise a cytoplasmic sequence of a T cell receptor, and a costimulatory intracellular signaling domain
can comprise cytoplasmic sequence from co-receptor or costimulatory molecule.

[0452] A primary intracellular signaling domain can comprise a signaling motif which is known as an
immunoreceptor tyrosine-based activation motif or ITAM. Examples of ITAM containing primary
cytoplasmic signaling sequences include, but are not limited to, those derived from CD3 zeta, FcR gamma,
FcR beta, CD3 gamma, CD3 delta, CD3 epsilon, CD5, CD22, CD79a, CD79b, and CD66d DAP10 and
DAP12.

[0453] The term “zeta” or alternatively “zeta chain”, “CD3-zeta” or “TCR-zeta” is defined as the protein
provided as GenBan Acc. No. BAG36664.1, or the equivalent residues from a non-human species, e.g.,
mouse, rodent, monkey, ape and the like, and a “zeta stimulatory domain” or alternatively a “CD3-zeta
stimulatory domain” or a “TCR-zeta stimulatory domain” is defined as the amino acid residues from the
cytoplasmic domain of the zeta chain that are sufficient to functionally transmit an initial signal necessary
for T cell activation. In one aspect the cytoplasmic domain of zeta comprises residues 52 through 164 of
GenBank Acc. No. BAG36664.1 or the equivalent residues from a non-human species, e.g., mouse, rodent,
monkey, ape and the like, that are functional orthologs thereof.

[0454] The term “costimulatory molecule” refers to the cognate binding partner on a T cell that specifically
binds with a costimulatory ligand, thereby mediating a costimulatory response by the T cell, such as, but not
limited to, proliferation. Costimulatory molecules are cell surface molecules other than antigen receptors or
their ligands that are required for an efficient immune response. Costimulatory molecules include, but are
not limited to, an MHC class I molecule, BTLA and a Toll ligand receptor, as well as 0X40, CD2, CD27,
CD28, CDS5, ICAM-1, LFA-1 (CD11a/CD18) and 4-1BB (CD137).

[0455] A costimulatory intracellular signaling domain can be derived from the intracellular portion of a
costimulatory molecule. A costimulatory molecule can be represented in the following protein families:
TNF receptor proteins, Immunoglobulin-like proteins, cytokine receptors, integrins, signaling lymphocytic
activation molecules (SLAM proteins), and activating NK cell receptors. Examples of such molecules

include CD27, CD28, 4-1BB (CD137), 0X40, GITR, CD30, CD40, ICOS, BAFFR, HVEM, lymphocyte
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function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, SLAMF7, NKp80, CD160, B7-H3,
and a ligand that specifically binds with CD83, and the like.

[0456] The intracellular signaling domain can comprise the entire intracellular portion, or the entire native
intracellular signaling domain, of the molecule from which it is derived, or a functional fragment thereof.
[0457] In another aspect, the antigen binding fragment comprises a humanized antibody or antibody
fragment. In one embodiment, the antigen binding fragment comprises one or more (e.g., one, two, or all
three) light chain complementary determining region 1 (LC-CDR1), light chain complementary determining
region 2 (LC-CDR2), and light chain complementary determining region 3 (LC-CDR3) of an antibody
described herein, and one or more (e.g., one, two, or all three) heavy chain complementary determining
region 1 (HC-CDR1), heavy chain complementary determining region 2 (HC-CDR2), and heavy chain
complementary determining region 3 (HC-CDR3) of an antibody described herein.

Transmembrane domain

[0458] With respect to the transmembrane domain, in various embodiments, a CAR can be designed to
comprise a transmembrane domain that is attached to the extracellular domain of the CAR. A
transmembrane domain can include one or more additional amino acids adjacent to the transmembrane
region, e.g., one or more amino acid associated with the extracellular region of the protein from which the
transmembrane was derived (e.g., 1,2, 3,4, 5,6, 7, 8,9, 10 up to 15 amino acids of the extracellular region)
and/or one or more additional amino acids associated with the intracellular region of the protein from which
the transmembrane protein is derived (e.g., 1, 2,3, 4,5, 6,7, 8,9, 10 up to 15 amino acids of the
intracellular region). In one aspect, the transmembrane domain is one that is associated with one of the other
domains of the CAR is used. In some instances, the transmembrane domain can be selected or modified by
amino acid substitution to avoid binding of such domains to the transmembrane domains of the same or
different surface membrane proteins, e.g., to minimize interactions with other members of the receptor
complex. In one aspect, the transmembrane domain is capable of homodimerization with another CAR on
the CAR T-cell surface. In a different aspect, the amino acid sequence of the transmembrane domain may
be modified or substituted so as to minimize interactions with the binding domains of the native binding
partner present in the same CAR T-cell.

[0459] The transmembrane domain may be derived either from a natural or from a recombinant source.
Where the source is natural, the domain may be derived from any membrane-bound or transmembrane
protein. In one aspect the transmembrane domain is capable of signaling to the intracellular domain(s)
whenever the CAR has bound to a target. A transmembrane domain, for example, can include at least the
transmembrane region(s) of e.g., the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon,
CD45, CD4, CDS5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154.



10

15

20

25

30

WO 2020/197400 PCT/NL2020/050217

114

[0460] In some instances, the transmembrane domain can be attached to the extracellular region of the
CAR, e.g., the antigen-binding domain of the CAR, via a hinge, e.g., a hinge from a human protein. For
example, in one embodiment, the hinge can be a human Ig (immunoglobulin) hinge, e.g., an IgG4 hinge, or

a CD8a hinge. In one aspect, the hinge or spacer comprises an IgG4 hinge.

Cytoplasmic Domain

[0461] The cytoplasmic domain or region of the CAR includes an intracellular signaling domain. An
intracellular signaling domain is generally responsible for activation of at least one of the normal effector
functions of the immune cell in which the CAR has been introduced. The term “effector function” refers to
a specialized function of a cell. Effector function of a T cell, for example, may be cytolytic activity or
helper activity including the secretion of cytokines. The term “intracellular signaling domain” refers to the
portion of a protein which transduces the effector function signal and directs the cell to perform a
specialized function. While usually the entire intracellular signaling domain can be employed, in many
cases it is not necessary to use the entire chain. To the extent that a truncated portion of the intracellular
signaling domain is used, such truncated portion may be used in place of the intact chain as long as it
transduces the effector function signal. The term intracellular signaling domain is thus meant to include any
truncated portion of the intracellular signaling domain sufficient to transduce the effector function signal.
[0462] Examples of intracellular signaling domains for use in the CAR of the invention include the
cytoplasmic sequences of the T cell receptor (TCR) and co-receptors that act in concert to initiate signal
transduction following antigen receptor engagement, as well as any derivative or variant of these sequences
and any recombinant sequence that has the same functional capability.

[0463] 1t is known that signals generated through the TCR alone are insufficient for full activation of the T
cell and that a secondary and/or costimulatory signal is also required. Thus, T cell activation can be said to
be mediated by two distinct classes of cytoplasmic signaling sequences: those that initiate antigen-
dependent primary activation through the TCR (primary intracellular signaling domains) and those that act
in an antigen-independent manner to provide a secondary or costimulatory signal (secondary cytoplasmic
signaling domain, e.g., a costimulatory domain).

[0464] A primary signaling domain regulates primary activation of the TCR complex either in a
stimulatory way, or in an inhibitory way. Primary intracellular signaling domains that act in a stimulatory
manner may contain signaling motifs which are known as immunoreceptor tyrosine-based activation motifs
or ITAMs.

[0465] Examples of ITAM containing primary intracellular signaling domains that are of particular use in
the invention include those of TCR zeta, FcR gamma, FcR beta, CD3 gamma, CD3 delta, CD3 epsilon,
CDS5, CD22, CD79a, CD79b, and CD66d. In one embodiment, a CAR of the invention, e.g., a CAR
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comprises a intracellular signaling domain, e.g., a primary signaling domain, of CD3-zeta. In one
embodiment, a primary signaling domain comprises a modified ITAM domain, e.g., a mutated ITAM
domain which has altered (e.g., increased or decreased) activity as compared to the native ITAM domain. In
one embodiment, a primary signaling domain comprises a modified ITAM-containing primary intracellular
signaling domain, e.g., an optimized and/or truncated ITAM-containing primary intracellular signaling
domain. In an embodiment, a primary signaling domain comprises one, two, three, four or more ITAM
motifs.

[0466] The intracellular signaling domain of the CAR can comprise the CD3-zeta signaling domain by
itself or it can be combined with any other desired intracellular signaling domain(s) useful in the context of
a CAR of the invention. For example, the intracellular signaling domain of the CAR can comprise a CD3
zeta chain portion and a costimulatory signaling domain. The costimulatory signaling domain refers to a
portion of the CAR comprising the intracellular domain of a costimulatory molecule. A costimulatory
molecule is a cell surface molecule other than an antigen receptor or its ligands that is required for an
efficient response of lymphocytes to an antigen. Examples of such molecules include CD27, CD28, 4-1BB
(CD137), 0X40, CD30, CD40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2,
CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically binds with CD83, and the like. For example,
CD27 costimulation has been demonstrated to enhance expansion, effector function, and survival of human
CART cells in vitro and augments human T cell persistence and antitumor activity in vivo (Song et al.
Blood. 2012; 119(3):696-706).

[0467] The intracellular signaling sequences within the cytoplasmic portion of a CAR of the invention may
be linked to each other in a random or specified order. Optionally, a short oligo- or polypeptide linker, for
example, between 2 and 10 amino acids (e.g., 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino acids) in length may form
the linkage between intracellular signaling sequence. In one embodiment, a glycine-serine doublet can be
used as a suitable linker. In one embodiment, a single amino acid, e.g., an alanine, a glycine, can be used as
a suitable linker.

[0468] In one aspect, the intracellular signaling domain is designed to comprise two or more, e.g., 2, 3, 4,
5, or more, costimulatory signaling domains. In an embodiment, the two or more, e.g., 2, 3, 4, 5, or more,
costimulatory signaling domains, are separated by a linker molecule, e.g., a linker molecule described
herein. In one embodiment, the intracellular signaling domain comprises two costimulatory signaling
domains. In some embodiments, the linker molecule is a glycine residue. In some embodiments, the linker
is an alanine residue.

[0469] In some embodiments, CAR does not actually recognize the entire antigen; instead it binds to only a

portion of the antigen’s surface, an area called the antigenic determinant or epitope.
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[0470] In some embodiments, a CAR described herein include (including functional portions and
functional variants thereof) glycosylated, amidated, carboxylated, phosphorylated, esterified, N-acylated,
cyclized via, e.g., a disulfide bridge, or converted into an acid addition salt and/or optionally dimerized or
polymerized, or conjugated.

Immunoconjugates

[0471] In one aspect of the present disclosure, the antibodies or antigen binding fragment thereof, disclosed
herein, can initiate a potent immune response against the tumor and/or are capable of direct cytotoxicity. In
this regard, the antibodies or antigen binding fragment thereof herein may elicit tumor cell lysis by either
complement- mediated or antibody-dependent cell cytotoxicity (ADCC) mechanisms, both of which require
an intact Fe portion of the immunoglobulin molecule for interaction with effector cell Fe receptor sites or
complement proteins. In addition, antibodies that exert a direct biological effect on tumor growth are useful
in the practice of the disclosure. Potential mechanisms by which such directly cytotoxic antibodies may act
include inhibition of cell growth, modulation of cellular differentiation, modulation of tumor angiogenesis
factor profiles, and the induction of apoptosis. The mechanism by which a particular antibody or an antigen
binding fragment thereof, disclosed herein, exerts an anti-tumor effect may be evaluated using any number
of in vitro assays designed to determine ADCC, ADMMC, complement-mediated cell lysis, and so forth, as
is generally known in the art.

[0472] The antibodies or antigen binding fragment thereof, disclosed herein, may be administered in their
"naked" or unconjugated form, or may have therapeutic agents conjugated to them. In one embodiment,
antibodies or antigen binding fragment thereof are used as a radiosensitizer. In such embodiments, the
antibodies or antigen binding fragment are conjugated to a radiosensitizing agent. The term
"radiosensitizer," as used herein, is defined as a molecule, preferably a low molecular weight molecule,
administered to animals in therapeutically effective amounts to increase the sensitivity of the cells to be
radiosensitized to electromagnetic radiation and/or to promote the treatment of diseases that are treatable
with electromagnetic radiation. Diseases that are treatable with electromagnetic radiation include neoplastic
diseases, benign and malignant tumors, and cancerous cells.

[0473] The terms "electromagnetic radiation" and "radiation” as used herein include, but are not limited to,
radiation having the wavelength of 10-20 to 100 meters. Preferred embodiments of the present disclosure
can employ for example, the electro-magnetic radiation of: gamma-radiation ¢10-20 to 10-13 m), X-ray
radiation (10-12 to 10-9 m), ultraviolet light (10 nm to 400 nm), visible light (400 nm to 700 nm), infrared
radiation (700 nm to 1.0 mm), and microwave radiation (1 mm to 30 cm).

[0474] Radiosensitizers are known to increase the sensitivity of cancerous cells to the toxic effects of
electromagnetic radiation. Many cancer treatment protocols currently employ radiosensitizers activated by

the electromagnetic radiation of X-rays. Examples of X-ray activated radiosensitizers include, but are not
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limited to, the following: metronidazole, misonidazole, desmethylmisonidazole, pimonidazole, etanidazole,
nimorazole, mitomycin C, RSU 1069, SR 4233, E09, RB 6145, nicotinamide, 5-bromode-oxyuridine
(BUdR), 5-iododeoxyuridine (IUdR), bromode-oxycytidine, fluorodeoxyuridine (FUdR), hydroxyurea,
cisplatin, and therapeutically effective analogs and derivatives of the same.

[0475] Photodynamic therapy (PDT) of cancers employs visible light as the radiation activator of the
sensitizing agent. Examples of photodynamic radiosensitizers include the following, but are not limited to:
hematoporphyrin derivatives, Photofrin®, benzoporphyrin derivatives, NPe6, tin etioporphyrin (SnET2),
pheoborbide-a, bacteriochlorophyll-a, naphthalocyanines, phthalocyanines, zinc phthalocyanine, and
therapeutically effective analogs and derivatives of the same.

[0476] In another embodiment, the antibody may be conjugated to a receptor (such streptavidin) for
utilization in tumor pretargeting wherein the antibody-receptor conjugate is administered to the patient,
followed by removal of unbound conjugate from the circulation using a clearing agent and then
administration of a ligand (e.g., avidin) which is conjugated to a cytotoxic agent (e.g., a radionuclide).
[0477] The present disclosure further provides the above-described antibodies or antigen binding thereof in
detectably labeled form. Antibodies can be detectably labeled through the use of radioisotopes, affinity
labels (such as biotin, avidin, etc.), enzymatic labels (such as horseradish peroxidase, alkaline phosphatase,
etc.) fluorescent or luminescent or bioluminescent labels (such as FITC or rhodamine, etc.), paramagnetic
atoms, and the like. Procedures for accomplishing such labeling are well known in the art; for example, see
(Sternberger, L. A. et al., J. Histochem. Cytochem. 18:315 (1970); Bayer, E. A. et al.,, Meth. Enzym. 62:308
(1979); Engval, E. et al., Immunol. 109:129 (1972); Goding, J.W. J. Immunol. Meth. 13:215 (1976)).
[0478] "Label" refers to a detectable compound or composition which is conjugated directly or indirectly to
the antibody. The label may itself be detectable by itself (e.g., radioisotope labels or fluorescent labels) or,
in the case of an enzymatic label, may catalyze chemical alteration of a substrate compound or composition
which is detectable. Alternatively, the label may not be detectable on its own but may be an element that is
bound by another agent that is detectable (e.g. an epitope tag or one of a binding partner pair such as biotin-
avidin, etc.). Thus, the antibody may comprise a label or tag that facilitates its isolation, and methods of the
invention to identify antibodies include a step of isolating the antigen/antibody through interaction with the
label or tag.

[0479] Exemplary therapeutic immunoconjugates comprise the antibody described herein conjugated to a
cytotoxic agent such as a chemotherapeutic agent, toxin (e.g., an enzymatically active toxin of bacterial,
fungal, plant or animal origin, or fragments thereof), or a radioactive isotope (i.e., a radioconjugate ). Fusion
proteins are described in further detail below.

[0480] In some embodiments, antibodies and antigen binding fragments thereof disclosed herein can be

conjugated to a therapeutic agent such as a chemotherapeutic cytotoxin, such as a cytostatic or cytocidal
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agent (e.g., paclitaxol, cytochalasin B or diphtheria toxin, taxol, cytochalasin B, gramicidin D, ethidium
bromide, emetine, mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin,
daunorubicin, dihydroxy anthracindione, mitoxantrone, mithramycin, actinomycin D, 1-
dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromycin and
analogs or homologs thereof.), antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6-thioguanine,
cytarabine, fludarabin, 5-fluorouracil decarbazine), alkylating agents (e.g., mechlorethamine, thioepa
chlorambucil, melphalan, carmustine (BSNU) and lomustine (CCNU), cyclophosphamide, busulfan,
dibromomannitol, streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) (DDP) cisplatin),
anthracyclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin), antibiotics (e.g., dactinomycin
(formerly actinomycin), bleomycin, mithramycin, and anthramycin (AMC), and anti-mitotic agents, a
thrombotic or anti-angiogenic agent or a radioactive label. Examples of suitable cytotoxic agents and
chemotherapeutic agents for forming immunoconjugates are known in the art, see for example, WO
05/103081). In another embodiment, antibodies and antigen binding fragments thereof disclosed herein are
conjugated to a detectable substrate such as, e.g., an enzyme, fluorescent marker, chemiluminescent marker,
bioluminescent material, or radioactive material. In some embodiments of the aspects described herein, the
antibody and antibody fragments thereof disclosed herein are conjugated to a toxin (e.g., an enzymatically
active toxin of bacterial, fungal, plant or animal origin, or fragments thereof), a small molecule, an siRNA,
a nanoparticle, a targeting agent (e.g., a microbubble), or a radioactive isotope (i.e., a radioconjugate). Such
conjugates are referred to herein as "immunoconjugates”. Such immunoconjugates can be used, for
example, in diagnostic, theranostic, or targeting methods.

[0481] Enzymatically active toxins and fragments thereof which can be used include diphtheria A chain,
nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa), ricin A
chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca
americana proteins (PAPI, PAPIL, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria
officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin and the tricothecenes. A
variety of radioisotopes are available for the production of radioconjugate antibodies. Examples include, but
are not limited to, 212 Bi, 131 I, 131 In, 90Y and 186Re.

[0482] Conjugates of the antibodies or antigen binding fragments thereof described herein and a cytotoxic
agent can be made using any of 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
glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium
derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6-

diisocyanate), and bis-active fluorine compounds (such as 1,5- difluoro-2,4-dinitrobenzene). For example, a
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ricin immunotoxin can be prepared as described in Vitetta et al., 238 Science 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 WO 94/11026.

[0483] In other embodiments, the antibody or portion thereof can be conjugated to a "receptor” (e.g.,
streptavidin) for utilization in tumor pretargeting wherein the antibody-receptor conjugate is administered to
the subject, followed by removal of unbound conjugate from the circulation using a clearing agent and then
administration of a "ligand" (e.g., avidin) which is conjugated to a cytotoxic agent (e.g. a radionucleotide).
In some embodiments, the antibody or antibody fragment thereof can be conjugated to biotin, and the biotin
conjugated antibody or antibody fragment thereof can be further conjugated or linked to a streptavidin-
bound or-coated agent, such as a streptavidin-coated microbubble, for use in, for example, molecular
imaging of angiogenesis.

[0484] Techniques for conjugating such therapeutic moiety to antibodies are well known, see, e.g., Amon
et al., "Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer Therapy", in Monoclonal
Antibodies And Cancer Therapy, Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom et
al., "Antibodies For Drug Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-
53 (Marcel Dekker, Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A
Review", in Monoclonal Antibodies '84: Biological And Clinical Applications, Pinchera et al. (eds.), pp.
475-506 (1985); "Analysis, Results, And Future Prospective Of The Therapeutic Use Of Radiolabeled
Antibody In Cancer Therapy", in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin et
al. (eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al., "The Preparation And Cytotoxic Properties
Of Antibody-Toxin Conjugates”, Immunol. Rev., 62: 119-58 (1982).

[0485] Production of immunoconjugates is described in U.S. Pat. No. 6,306,393. Immunoconjugates can
be pre- pared by indirectly conjugating a therapeutic agent to an antibody component. General techniques
are described in Shih et al., Int. J. Cancer 41 :832-839 (1988); Shih et al., Int.J. Cancer 46:1101-1106
(1990); and Shih et al., U.S. Pat. No. 5,057,313. The general method involves reacting an antibody
component having an oxidized carbohydrate portion with a carrier polymer that has at least one free amine
function and that is loaded with a plurality of drug, toxin, chelator, boron addends, or other therapeutic
agent. This reaction results in an initial Schiff base (imine) linkage, which can be stabilized by reduction to
a secondary amine to form the final conjugate.

[0486] The carrier polymer is preferably an aminodextran or polypeptide of at least 50 amino acid residues,
although other substantially equivalent polymer carriers can also be used. Preferably, the final
immunoconjugate is soluble in an aqueous solution, such as mammalian serum, for ease of administration
and effective targeting for use in therapy. Thus, solubilizing functions on the carrier polymer will enhance

the serum solubility of the final immunoconjugate. In particular, an aminodextran will be preferred.
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[0487] The process for preparing an immunoconjugate with an aminodextran carrier typically begins with a
dextran polymer, advantageously a dextran of average molecular weight of about 10,000-100,000. The
dextran is reacted with an oxidizing agent to affect a controlled oxidation of a portion of its carbohydrate
rings to generate aldehyde groups. The oxidation is conveniently affected with glycolytic chemical reagents
such as Nal04, according to conventional procedures.

[0488] The oxidized dextran is then reacted with a polyamine, preferably a diamine, and more preferably, a
mono- or polyhydroxy diamine. Suitable amines include ethylene diamine, propylene diamine, or other like
polymethylene diamines, diethylene triamine or like polyamines, 1,3-diamino-2-hydroxypropane, or other
like hydroxylated diamines or polyamines, and the like. An excess of the amine relative to the aldehyde
groups of the dextran is used to ensure substantially complete conversion of the aldehyde functions to
Schiff base groups.

[0489] A reducing agent, such as NaBH4, NaBH3CN or the like, is used to effect reductive stabilization of
the resultant Schiff base intermediate. The resultant adduct can be purified by passage through a
conventional sizing column to remove cross-linked dextrans. Other conventional methods of derivatizing a
dextran to introduce amine functions can also be used, e.g., reaction with cyanogen bromide, followed by
reaction with a diamine. The anminodextran is then reacted with a derivative of the particular drug, toxin,
chelator, immunomodulator, boron addend, or other therapeutic agent to be loaded, in an activated form,
preferably, a carboxyl-activated derivative, prepared by conventional means, e.g., using
dicyclohexylcarbodiimide (DCC) or a water soluble variant thereof, to form an intermediate adduct.

[0490] Alternatively, polypeptide toxins such as poke- weed antiviral protein or ricin A-chain, and the like,
can be coupled to aminodextran by glutaraldehyde condensation or by reaction of activated carboxyl groups
on the protein with amines on the aminodextran. Chelators for radiometals or magnetic resonance enhancers
are well-known in the art. Typical are derivatives of ethylenediaminetetraacetic acid (EDTA) and
diethylen-etriaminepentaacetic acid (DTPA). These chelators typically have groups on the side chain by
which the chelator can be attached to a carrier. Such groups include, e.g., benzylisothiocyanate, by which
the DTPA or EDTA can be coupled to the amine group of a carrier. Alternatively, carboxyl groups or amine
groups on a chelator can be coupled to a carrier by activation or prior derivatization and then coupling, all
by well-known means.

[0491] Boron addends, such as carboranes, can be attached to antibody components by conventional
methods. For example, carboranes can be prepared with carboxyl functions on pendant side chains, as is
well known in the art. Attachment of such carboranes to a carrier, e.g., aminodextran, can be achieved by
activation of the carboxyl groups of the carboranes and condensation with amines on the carrier to produce
an intermediate conjugate. Such intermediate conjugates are then attached to antibody components to

produce therapeutically useful immunoconjugates, as described below.
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[0492] A polypeptide carrier can be used instead of aminodextran, but the polypeptide carrier should have
at least 50 amino acid residues in the chain, preferably 100-5000 amino acid residues. At least some of the
amino acids should be lysine residues or glutamate or aspartate residues. The pendant amines of lysine
residues and pendant carboxylates of glutamine and aspartate are convenient for attaching a drug, toxin,
immunomodulator, chelator, boron addend or other therapeutic agent. Examples of suitable polypeptide
carriers include polylysine, polyglutamic acid, polyaspartic acid, co-polymers thereof, and mixed polymers
of these amino acids and others, e.g., serines, to confer desirable solubility properties on the resultant
loaded carrier and immunoconjugate.

[0493] Conjugation of the intermediate conjugate with the antibody component is effected by oxidizing the
carbohydrate portion of the antibody component and reacting the resulting aldehyde (and ketone) carbonyls
with amine groups remaining on the carrier after loading with a drug, toxin, chelator, immunomodulator,
boron addend, or other therapeutic agent. Alternatively, an intermediate conjugate can be attached to an
oxidized antibody component via amine groups that have been introduced in the intermediate conjugate
after loading with the therapeutic agent. Oxidation is conveniently effected either chemically, e.g., with
Nal04 or other glycolytic reagent, or enzymatically, e.g., with neuraminidase and galactose oxidase. In the
case of an aminodextran carrier, not all of the amines of the aminodextran are typically used for loading a
therapeutic agent. The remaining amines of aminodextran condense with the oxidized antibody component
to form Schiff base adducts, which are then reductively stabilized, normally with a borohydride reducing
agent.

[0494] Analogous procedures are used to produce other immunoconjugates according to the invention.
Loaded polypeptide carriers preferably have free lysine residues remaining for condensation with the
oxidized carbohydrate portion of an antibody component. Carboxyls on the polypeptide carrier can, if
necessary, be converted to amines by, e.g., activation with DCC and reaction with an excess of a diamme.
[0495] The final immunoconjugate is purified using conventional techniques, such as sizing
chromatography on Sephacryl S-300 or affinity chromatography using one or more CD84Hy epitopes.
Alternatively, immunoconjugates can be prepared by directly conjugating an antibody component with a
therapeutic agent. The general procedure is analogous to the indirect method of conjugation except that a
therapeutic agent is directly attached to an oxidized antibody component. It will be appreciated that other
therapeutic agents can be substituted for the chelators described herein. Those of skill in the art will be able
to devise conjugation schemes without undue experimentation.

[0496] As a further illustration, a therapeutic agent can be attached at the hinge region of a reduced
antibody component via disulfide bond formation. For example, the tetanus toxoid peptides can be
constructed with a single cysteine residue that is used to attach the peptide to an antibody component. As an

alternative, such peptides can be attached to the antibody component using a heterobifunctional cross-
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linker, such as N-succinyl 3-(2-pyridyldithio)proprionate (SPDP). Yu et al., Int. J. Cancer56:244 (1994).
General techniques for such conjugation are well-known in the art. See, for example, Wong, Chemistry Of
Protein Conjugation and Cross-Linking (CRC Press 1991); Upeslacis et al., "Modification of Antibodies by
Chemical Methods," in Monoclonal Antibodies: Principles and Applications, Birch et al. (eds.), pages 187-
230 (Wiley-Liss, Inc. 1995); Price, "Production and Characterization of Synthetic Peptide-De- rived
Antibodies," in Monoclonal Antibodies: Production, Engineering and Clinical Application, Ritter et al.
(eds.), pages 60-84 (Cambridge University Press 1995).

[0497] 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 glutareldehyde), bis-azido compounds (such as bis (p-azido-
benzoyl) hexanediamine), bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine ),
diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-
2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in Vitetta et al.,
Science 238: 1098 (1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-methy ldiethylene
triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of radionuclide to the
antibody (see, e.g., W094/11026).

[0498] As described above, carbohydrate moieties in the Fc region of an antibody can be used to
conjugate a therapeutic agent. However, the Fc region may be absent if an antibody fragment is used as the
antibody component of the immunoconjugate. Nevertheless, it is possible to introduce a carbohydrate
moiety into the light chain variable region of an antibody or antibody fragment. See, for example, Leung et
al., J. Immunol. 154:5919 (1995); Hansen et al., U.S. Pat. No. 5,443,953. The engineered carbohydrate
moiety is then used to attach a therapeutic agent. [0404] In addition, those of skill in the art will recognize
numerous possible variations of the conjugation methods. For example, the carbohydrate moiety can be
used to attach polyethyleneglycol in order to extend the half-life of an intact antibody, or antigen-binding
fragment thereof, in blood, lymph, or other extracellular fluids. Moreover, it is possible to construct a
"divalent immunoconjugate” by attaching therapeutic agents to a carbohydrate moiety and to a free
sulfhydryl group. Such a free sulthydryl group may be located in the hinge region of the antibody
component.

[0499] In some embodiments, provided herein is a method for diagnosing or treating a condition associated
with a target antigen. In some embodiments, the condition associated with the antigen results due to an
increase in the expression or biological activity of the antigen. In some embodiments, the condition
associated with the antigen results due to a decrease in the expression or biological activity of the antigen.

In some embodiments, the antibody or antigen-binding fragment thereof disclosed herein binds an antigen
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and, thereby, partially or substantially inhibits the expression and/or at least one biological activity of the
antigen. An antibody, or specified portion or variant thereof, that partially or preferably substantially
inhibits the expression and/or at least one biological activity of an antigen disclosed herein can bind the
protein antigen or fragment thereof and thereby inhibit activities mediated through the antigen e.g., binding
of antigen to one or more receptor or ligand known in the art to bind a particular antigen. In some
embodiments, the antibody can inhibit an antigen activity by about 20-120%, preferably by at least about
10, 20, 30, 40, 50, 55, 60, 65, 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100% or more. An
antibody, or specified portion or variant thereof, that partially or preferably substantially increases the
expression and/or at least one biological activity of an antigen disclosed herein can bind the protein antigen
or fragment thereof and thereby increase activities mediated through the antigen. In some embodiments, the
antibody can increase an antigen activity by about 20-120%, preferably by at least about 10, 20, 30, 40, 50,
55, 60, 65,70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100% or more.

[0500] The capacity of an antibody to increase an antigen-dependent activity is preferably assessed by at
least one suitable assay, as described herein and/or as known in the art. In some embodiments, the antigen
related condition can be an immune related disease, a cardiovascular disease, an infectious disease, a
malignant disease or a neurologic disease.

Methods of Treatment

[0501] Disclosed herein, in some embodiments, are methods of treating a subject in need thereof,
comprising administering to the subject, a therapeutic dose of a therapeutic IgA antibody described herein
or a pharmaceutical composition comprising said therapeutic IgA antibody described herein. In some
embodiments, the subject has a cancer, an infectious disease, or an autoimmune disease.

[0502] In some embodiments, the subject has a cancer. In some embodiments, the subject has an
inflammatory disorder. In some embodiments, the cancer is associated with expression of a tumor
associated antigen described herein. In some embodiments, the cancer is associated with expression of
CD47, CD20, GD2, CD38, CD19, EGFR, HER2, PD-L1, CD25, CD33, BCMA, CD44, o-Folate receptor,
CAIX, CD30, ROR1, CEA, EGP-2, EGP-40, HER3, Folate-binding Protein, GD3, IL-13R-a2, KDR, EDB-
F, mesothelin, CD22, EGFR, MUC-1, MAGE-A1, MUC16, h5T4, PSMA, TAG-72, EGFRvVIIL, CD123 or
VEGF-R2.

[0503] In some embodiments, disclosed herein are methods of administering a therapeutic IgA antibody or
pharmaceutical composition described herein, to a subject having a cancer associated with an
overexpression of CD20. In some embodiments, disclosed herein are methods of administering a therapeutic
IgA antibody or pharmaceutical composition described herein to a subject having a cancer associated with
an overexpression of GD2. In some embodiments, disclosed herein are methods of administering a

therapeutic IgA antibody or pharmaceutical composition described herein to a subject having a cancer
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associated with an overexpression of mesothelin. In some embodiments, disclosed herein are methods of
administering a modified effector cell to a subject having a cancer associated with an overexpression of
CD38, CD19, EGFR, HER2, PD-L1, CD25, CD33, BCMA, CD44, a-Folate receptor, CAIX, CD30, ROR1,
CEA, EGP-2, EGP-40, HER3, Folate-binding Protein, GD2, GD3, IL-13R-a2, KDR, EDB-F, mesothelin,
CD22, EGFR, MUC-1, MAGE-A1, MUC16, h5T4, PSMA, TAG-72, EGFRVIII, CD123 or VEGF-R2.
[0504] In some embodiments, the cancer is a metastatic cancer. In other embodiments, the cancer is a
relapsed or refractory cancer. In some embodiments, a cancer is a solid tumor or a hematologic malignancy.
In some embodiments, the cancer is a solid tumor. In other embodiments, the cancer is a hematologic
malignancy. In some embodiments, the cancer is a metastatic cancer. In some embodiments, the cancer is a
relapsed or refractory cancer.

[0505] In some embodiments, the cancer is a solid tumor. Exemplary solid tumors include, but are not
limited to, anal cancer; appendix cancer; bile duct cancer (i.e., cholangiocarcinoma); bladder cancer; brain
tumor; breast cancer; cervical cancer; colon cancer; cancer of Unknown Primary (CUP); esophageal cancer;
eye cancer; fallopian tube cancer; gastroenterological cancer; kidney cancer; liver cancer; lung cancer;
medulloblastoma; melanoma; oral cancer; ovarian cancer; pancreatic cancer; parathyroid disease; penile
cancer; pituitary tumor; prostate cancer; rectal cancer; skin cancer; stomach cancer; testicular cancer; throat
cancer; thyroid cancer; uterine cancer; vaginal cancer; vulvar cancer; or glioblastoma.

[0506] In some embodiments, the cancer is a hematologic malignancy. In some embodiments, a
hematologic malignancy comprises a lymphoma, a leukemia, a myeloma, or a B-cell malignancy. In some
embodiments, a hematologic malignancy comprises a lymphoma, a leukemia or a myeloma. In some
embodiments, exemplary hematologic malignancies include chronic lymphocytic leukemia (CLL), small
lymphocytic lymphoma (SLL), high risk CLL, non-CLL/SLL lymphoma, prolymphocytic leukemia (PLL),
follicular lymphoma (FL), diffuse large B-cell lymphoma (DLBCL), mantle cell lymphoma (MCL),
Waldenstrom’s macroglobulinemia, multiple myeloma, extranodal marginal zone B cell lymphoma, nodal
marginal zone B cell lymphoma, Burkitt’s lymphoma, non-Burkitt high grade B cell lymphoma, primary
mediastinal B-cell lymphoma (PMBL), immunoblastic large cell lymphoma, precursor B-lymphoblastic
lymphoma, B cell prolymphocytic leukemia, lymphoplasmacytic lymphoma, splenic marginal zone
lymphoma, plasma cell myeloma, plasmacytoma, mediastinal (thymic) large B cell lymphoma, intravascular
large B cell lymphoma, primary effusion lymphoma, or lymphomatoid granulomatosis. In some
embodiments, the hematologic malignancy comprises a myeloid leukemia. In some embodiments, the
hematologic malignancy comprises acute myeloid leukemia (AML) or chronic myeloid leukemia (CML).
[0507] In some embodiments, the antibody or fragment thereof binds one or more of Gp,, ALK, hNET, Gps,
and CD20. In some embodiments, the Gy, positive tumor is neuroblastoma, retinoblastoma, melanoma, small

cell lung cancer, glioblastoma, osteosarcoma, rhabdomyosarcoma, Ewing’s sarcoma, liposarcoma,
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fibrosarcoma, leiomyosarcoma, and any combinations thereof. In an aspect, the antibody or fragment thereof
binds a neuroblastoma cell. In some embodiments, the ALK (anaplastic lymphoma kinase) positive tumor is
an anaplastic large-cell lymphoma, an adenocarcinoma of the lung, a neuroblastoma, an inflammatory
myofibroblastic tumor, a renal cell carcinomas, esophageal squamous cell carcinoma, breast cancer, a colonic
adenocarcinoma, a glioblastoma multiforme or an anaplastic thyroid cancer. In some embodiments, the hNET
(human norepinephrine transporter) positive tumor is a bladder tumor, breast tumor, prostate tumor,
carcinoma, leukemia, liver cancer, lung cancer, lymphoma, Hodgkin's lymphoma, Non-Hodgkin's lymphoma,
melanoma, neuroblastoma, ovarian tumor, pancreatic tumor or a retinoblastoma. In some case, the Gp;
positive tumor is a neuroectodermal tumor of the center nervous system, glioma, neuroblastoma,
retinoblastoma, ependymoma, sarcoma, melanoma, breast cancer, ovarian cancer, glioblastoma, Ewing's
sarcoma, or small cell lung carcinoma. In some embodiments the CD20 positive tumor is a leukemia, a
lymphoma or a neuroblastoma.

[0508] In other embodiments, disclosed herein are methods of administering to a subject having an
infection due to an infectious disease. An infectious disease can be a disease resulting from a bacterial, viral
or fungi infection. In other embodiments, exemplary viral pathogens include those of the families of
Adenoviridae, Epstein-Barr virus (EBV), Cytomegalovirus (CMYV), Respiratory Syncytial Virus (RSV), JC
virus, BK virus, HSV, HHV family of viruses, Picornaviridae, Herpesviridae, Hepadnaviridae, Flaviviridae,
Retroviridae, Orthomyxoviridae, Paramyxoviridae, Papovaviridae, Polyomavirus, Rhabdoviridae, and
Togaviridae. Exemplary pathogenic viruses cause smallpox, influenza, mumps, measles, chickenpox, ebola,
and rubella. Exemplary pathogenic fungi include Candida, Aspergillus, Cryptococcus, Histoplasma,
Pneumocystis, and Stachybotrys. Exemplary pathogenic bacteria include Streptococcus, Pseudomonas,
Shigella, Campylobacter, Staphylococcus, Helicobacter, E. coli, Rickettsia, Bacillus, Bordetella,
Chlamydia, Spirochetes, and Salmonella.

[0509] In some embodiments, the IgA antibody is administered with one or more additional therapeutic
agents. In some embodiments, the IgA antibody and one or more additional therapeutic agents are co-
administered. In some embodiments, the IgA antibody and one or more additional therapeutic agents are
sequentially administered.

[0510] In some embodiments, the combination therapy can include one or more antibodies of the
disclosure co-formulated with, and/or co-administered with, one or more additional therapeutic agents, e.g.,
chemotherapeutic or anti-neoplastic agents, such as cytokine and growth factor inhibitors,
immunosuppressants, anti-inflammatory agents, metabolic inhibitors, enzyme inhibitors, and/or cytotoxic or
cytostatic agents. The term “combination” in this context means that the agents are given substantially
contemporaneously, either simultaneously or sequentially. Exemplary chemotherapeutic agents include, but

are not limited to, aldesleukin, altretamine, amifostine, asparaginase, bleomycin, capecitabine, carboplatin,
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carmustine, cladribine, cisapride, cisplatin, cyclophosphamide, cytarabine, dacarbazine (DTIC),
dactinomycin, docetaxel, doxorubicin, dronabinol, duocarmycin, etoposide, filgrastim, fludarabine,
fluorouracil, gemcitabine, granisetron, hydroxyurea, idarubicin, ifosfamide, interferon alpha, irinotecan,
lansoprazole, levamisole, leucovorin, megestrol, mesna, methotrexate, metoclopramide, mitomycin,
mitotane, mitoxantrone, omeprazole, ondansetron, paclitaxel (Taxol™), pilocarpine, prochloroperazine,
saproin, tamoxifen, taxol, topotecan hydrochloride, vinblastine, vincristine and vinorelbine tartrate.

[0511] In some embodiments, the IgA antibodies described herein can be combined with an effective dose
of other antibodies that have been used in treatment of cancer including, without limitation the following
FDA approved monoclonal antibodies: rituximab (Rituxan®, CD20: chimeric IgG1), trastuzumab
(Herceptin®, HER2: chimeric IgG1), alemtuzumab (Campath®, CD52: humanized IgG1), ibritumomab
tiuxetan (Zevalin®, CD20: murine, IgG1, radiolabeled (Yttrium 90), tositumomab-I-131 (Bexxar®: CD20,
murine, IgG2a, radiolabeled (Iodine 131)), cetuximab (Erbitux®, EGFR: cjimeric, IgG1), bevacizumab
(VEGF: humanized, IgG4), panitumumab (Vectibix®, EGFR: human IgG2), ofatumumab (Arzerra®, CD20:
human IgG1), ipilimumab (Ypervoy®, CTLA-4: human IgG1), brentiuximab vedotin (Adectris®, CD30:
chimeric, IgG1, drug-conjugate), pertuzumab (Perjecta®, HER2: humanized IgG1, drug conjugate),
adotrastuzumab ematansine (Kadcyla®, HER2: humanized, IgG1, drug-conjugate), obinutuzumab
(Gazyva®, CD20: humanized and glycol-engineered), nivolumab and pembrolizumab (anti-PD-1s), etc.
Trastuzumab targets the HER-2 antigen.

[0512] In some embodiments, the anti-CD47 IgA antibody is administered in combination with a HER2
inhibitor, an anti-HER?2 antibody, an EGFR inhibitor, an anti-EGFR antibody. In some embodiments, the
anti-CD47 IgA antibody is administered in combination with trastuzumab. In some embodiments, the anti-
CD47 IgA antibody is administered in combination with a c-kit inhibitor. Dosages

[0513] Provided herein are compositions comprising IgA antibodies or antigen binding fragment thereof for
treatment (including prevention) of a disease (e.g., cancer). In some embodiments, the compositions are
pharmaceutical compositions comprising a pharmaceutically acceptable carrier. The compositions are
administered in an amount effective for treatment (including prophylaxis) of cancer. In some embodiments,
the compositions (e.g., the antibodies or the antigen binding fragment thereof or the nucleic acid molecules
encoding said antibody or antigen binding fragment thereof) are administered in an amount effective for
enhancing an immune response and/or increasing T cell activation in a subject. The compositions are to be
used for in vivo administration to a subject by any available means, such as parenteral administration. For
administration to a subject, a composition or medicament comprising the antibodies or antigen binding
fragment thereof described herein can be sterile, which can readily accomplished by filtration through sterile
filtration membranes, or other methods known to those of skill in the art. In one embodiment, a composition

or medicament has been treated to be free of pyrogens or endotoxins. Testing pharmaceutical compositions
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or medicaments for pyrogens or endotoxins and preparing pharmaceutical compositions or medicaments free
of pyrogens or endotoxins or preparing pharmaceutical compositions or medicaments that have endotoxins at
a clinically-acceptable level, are well understood to one of ordinary skill in the art. Commercial kits are
available to test pharmaceutical compositions or medicaments for pyrogens or endotoxins.

[0514] The compositions to be used for in vivo administration, such as parenteral administration, in the
methods described herein can be sterile, which is readily accomplished by filtration through sterile filtration
membranes, or other methods known to those of skill in the art.

[0515] The IgA antibodies or antigen binding fragments thereof, describe herein, are formulated, dosed, and
administered in a fashion consistent with good medical practice. Factors for consideration in this context
include the particular disorder being treated, the particular subject being treated, the clinical condition of the
individual subject, the cause of the disorder, the site of delivery of the agent, the method of administration,
the scheduling of administration, and other factors known to medical practitioners. A “therapeutically
effective amount” of a substance/molecule, agonist or antagonist may vary according to factors such as the
disease state, age, sex, and weight of the individual, and the ability of the substance/molecule, agonist or
antagonist to elicit a desired response in the individual. A therapeutically effective amount is also one in
which any toxic or detrimental effects of the substance/molecule, agonist or antagonist are outweighed by
the therapeutically beneficial effects. A therapeutically effective amount may be delivered in one or more
administrations. A therapeutically effective amount refers to an amount effective, at dosages and for periods
of time necessary, to achieve the desired therapeutic and/or prophylactic result. The "therapeutically
effective amount” to be administered will be governed by such considerations, and refers to the minimum
amount necessary to ameliorate, treat, or stabilize, the cancer; to increase the time until progression (duration
of progression free survival) or to treat or prevent the occurrence or recurrence of a tumor, a dormant tumor,
or a micrometastases. The antibodies or antigen binding fragment thereof, disclosed herein, is optionally
formulated with one or more additional therapeutic agents currently used to prevent or treat cancer or arisk
of developing a cancer. The effective amount of such other agents depends on the amount of antibody or
antigen binding fragment thereof present in the formulation, the type of disorder or treatment, and other
factors discussed above. These are generally used in the same dosages and with administration routes as used
herein before or about from 1 to 99% of the heretofore employed dosage.

[0516] The dose of antibody may vary depending upon the age and the size of a subject to be administered,
target disease, conditions, route of administration, and the like. The preferred dose is typically calculated
according to body weight or body surface area. When an antibody or antigen binding fragment thereof
disclosed herein is used for treating a condition or disease in an adult patient, it may be advantageous to
intravenously administer the antibody of the present invention normally at a single dose of about 0.01 to

about 20 mg/kg body weight, more preferably about 0.02 to about 7, about 0.03 to about 5, or about 0.05 to
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about 3 mg/kg, about 5 mg/kg, about 7.5 mg/kg, about 10 mg/kg, or aboutl5 mg/kg body weight.
Depending on the severity of the condition, the frequency and the duration of the treatment can be adjusted.
Effective dosages and schedules for administering may be determined empirically; for example, patient
progress can be monitored by periodic assessment, and the dose adjusted accordingly. Moreover,
interspecies scaling of dosages can be performed using well-known methods in the art (e.g., Mordenti et al.,
1991, Pharmaceut. Res. 8:1351).

[0517] In some embodiments, the compositions herein can comprise a prophylactically effective amount,
eg., when administering to a subject at a risk of cancer or in earlier stages of a disease. A “prophylactically
effective amount” refers to an amount effective, at dosages and for periods of time necessary, to achieve the
desired prophylactic result. Typically, since a prophylactic dose is used in subjects prior to or at an earlier
stage of disease, the prophylactic dose is lower than the therapeutic dose.

[0518] Advantageously, the pharmaceutical compositions for oral or parenteral use described above are
prepared into dosage forms in a unit dose suited to fit a dose of the active ingredients. Such dosage forms in
a unit dose include, for example, tablets, pills, capsules, injections (ampoules), suppositories, etc.

[0519] The administration can be, for example, by one or more separate administrations, or by continuous
infusion. For repeated administrations over several days or longer, depending on the condition, the treatment
is sustained until, for example, the cancer is treated, as measured by the methods known in the art. However,
other dosage regimens can be useful. In one non-limiting example, an antibody or antigen binding fragment
thereof, disclosed herein is administered once every week, every two weeks, or every three weeks, at a dose
range from about 5 mg/kg to about 15 mg/kg, including but not limited to 5 mg/kg, 7.5 mg/kg, 10 mg/kg or
15 mg/kg. The progress of using the methods described herein can be easily monitored by conventional
techniques and assays. The duration of a therapy using the methods described herein will continue for as
long as medically indicated or until a desired therapeutic effect (e.g., those described herein) is achieved. In
certain embodiments, the administration of one or more antibodies or antigen binding fragment thereof, or
compositions, described herein, is continued for 1 month, 2 months, 4 months, 6 months, 8 months, 10
months, 1 year, 2 years, 3 years, 4 years, 5 years, 10 years, 20 years, or for a period of years up to the

lifetime of the subject.

Efficacy of treatment

[0520] The efficacy of the treatment methods for example, for cancer, comprising administering the IgA
antibodies or antigen binding fragment thereof, or pharmaceutical compositions of the present disclosure can
be measured by various endpoints commonly used in evaluating cancer treatments, including but not limited
to, tumor regression, tumor weight or size shrinkage, time to progression, duration of survival, progression

free survival, overall response rate, duration of response, and quality of life. The antibodies or antigen
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binding fragments thereof disclosed herein can require unique measures and definitions of clinical responses
to drugs. In the case of cancers, the therapeutically effective amount of the antibodies, antigen binding
fragments thereof disclosed herein or compositions comprising the same can reduce the number of cancer
cells; reduce the tumor size; inhibit (i.e., slow to some extent and preferably stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slow to some extent and preferably stop) tumor metastasis; inhibit, to some
extent, tumor growth; and/or relieve to some extent one or more of the symptoms associated with the
disorder. To the extent the antibodies or antigen binding fragment thereof, disclosed herein, act to prevent
growth and/or kill existing cancer cells; it can be cytostatic and/or cytotoxic. For cancer therapy, efficacy in
vivo can, for example, be measured by assessing the duration of survival, duration of progression free
survival (PFS), the response rates (RR), duration of response, and/or quality of life. In some embodiments,
the IgA antibodies or a functional fragment thereof disclosed herein inhibits tumor growth by at least about
2%, 3%, 5%, 6%, 10%, 15%, 20%, 25%, 30%. 35%. 40%. 45%, 50%, 60%, 70%, 80%, 90% or more
relative to an untreated subject. In some embodiments, the IgA antibodies or a functional fragment thereof
disclosed herein inhibits tumor engraftment by at least about 2%, 3%, 5%, 6%, 10%, 15%, 20%, 25%, 30%.
35%. 40%. 45%, 50%, 60%, 710%, 80%, 90% or more relative to an untreated subject. In some embodiments,
the IgA antibodies or a functional fragment thereof disclosed herein induce cytolysis of tumor cell. In some
embodiments, the IgA antibodies or a functional fragment thereof disclosed herein induce increased
cytolysis of tumor cell by at least about 2%, 3%, 5%, 6%, 10%. 15%, 20%, 25%, 30%. 35%. 40%. 45%,
50%, 60%, 70%, 80%, 90% or more relative to a corresponding WT IgA.

[0521] In other embodiments, described herein are methods for increasing progression free survival of a
human subject susceptible to or diagnosed with a cancer, for example, skin cancer, such as cutaneous
melanoma. Time to disease progression is defined as the time from administration of the drug until disease
progression or death. In a preferred embodiment, the combination treatment of the invention using an
antibody or antigen binding fragment thereof, disclosed herein, and one or more chemotherapeutic agents
may significantly increase progression free survival by at least about 1 month, 1.2 months, 2 months, 2.4
months, 2.9 months, 3.5 months, such as by about 1 to about 5 months, when compared to a treatment with
chemotherapy alone. In another embodiment, the methods described herein may significantly increase
response rates in a group of human subjects susceptible to or diagnosed with a cancer that are treated with
various therapeutics. Response rate is defined as the percentage of treated subjects who responded to the
treatment. In one embodiment, the combination treatment described herein using an antibody or antigen
binding fragment thereof, disclosed herein, such as a recombinant antibody or antigen binding fragment
thereof, and one or more chemotherapeutic agents significantly increases response rate in the treated subject

group compared to the group treated with chemotherapy alone.
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[0522] As used herein, the terms "treat,” "treatment," "treating,” or "amelioration” refer to therapeutic
treatments, wherein the object is to reverse, alleviate, ameliorate, inhibit, slow down or stop the progression
or severity of a condition associated with, a disease or disorder. The term "treating" includes reducing or
alleviating at least one adverse effect or symptom of a condition, disease or disorder associated with a
chronic immune condition, such as, but not limited to, a chronic infection or a cancer. Treatment is generally
"effective” if one or more symptoms or clinical markers are reduced. Alternatively, treatment is "effective” if
the progression of a disease is reduced or halted. That is, "treatment" includes not just the improvement of
symptoms or markers, but also a cessation of at least slowing of progress or worsening of symptoms that
would be expected in absence of treatment. Beneficial or desired clinical results include, but are not limited
to, alleviation of one or more symptom(s), diminishment of extent of disease, stabilized (i.e., not worsening)
state of disease, delay or slowing of disease progression, amelioration or palliation of the disease state, and
remission (whether partial or total), whether detectable or undetectable. The term "treatment” of a disease
also includes providing relief from the symptoms or side-effects of the disease (including palliative
treatment).

[0523] For example, in some embodiments, the methods described herein comprise administering an
effective amount of the antibodies or antigen binding fragment thereof, described herein, to a subject in
order to alleviate a symptom of a disease, for example, cancer. As used herein, "alleviating a symptom of a
cancer" is ameliorating or reducing any condition or symptom associated with a disease. As compared with
an equivalent untreated control, such reduction or degree of prevention is at least 5%, 10%, 20%, 40%, 50%,
60%, 80%, 90%, 95%, or 100% as measured by any standard technique. Ideally, the cancer is completely
cleared as detected by any standard method known in the art, in which case the cancer is considered to have
been treated. A patient who is being treated for a cancer is one who a medical practitioner has diagnosed as
having such a condition. Diagnosis can be by any suitable means. Diagnosis and monitoring can involve, for
example, detecting the level of cancer cells in a biological sample (for example, a tissue or lymph node
biopsy, blood test, or urine test), detecting the level of a surrogate marker of the cancer in a biological
sample, detecting symptoms associated with the specific cancer, or detecting immune cells involved in the
immune response typical of such a cancer.

[0524] The term "effective amount” as used herein refers to the amount of an antibody or antigen binding
fragment thereof or composition comprising the same needed to alleviate at least one or more symptom of
the disease or disorder, and relates to a sufficient amount of pharmacological composition to provide the
desired effect. The term "therapeutically effective amount"” therefore refers to an amount of an antibody or
antigen binding fragment thereof disclosed herein, that is sufficient to effect a particular effect when
administered to a typical subject. An effective amount as used herein would also include an amount

sufficient to delay the development of a symptom of the disease, alter the course of a symptom disease (for
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example but not limited to, slow the progression of a symptom of the disease), or reverse a symptom of the
disease. Thus, it is not possible to specify the exact "effective amount”. For any given case, however, an
appropriate "effective amount” can be determined by one of ordinary skill in the art using only routine
experimentation.

[0525] Effective amounts, toxicity, and therapeutic efficacy can be determined by standard pharmaceutical
procedures in cell cultures or experimental animals, e.g., for determining the LD50 (the dose lethal to 50%
of the population) and the ED50(the dose therapeutically effective in 50% of the population). The dosage
can vary depending upon the dosage form employed and the route of administration utilized. The dose ratio
between toxic and therapeutic effects is the therapeutic index and can be expressed as the ratio LDSO/ED50-
Compositions and methods that exhibit large therapeutic indices are preferred. A therapeutically effective
dose can be estimated initially from cell culture assays. Also, a dose can be formulated in animal models to
achieve a circulating plasma concentration range that includes the IC50 (i.e., the concentration of the
antibody or antigen binding fragment thereof), which achieves a half-maximal inhibition of symptoms as
determined in cell culture, or in an appropriate animal model. Levels in plasma can be measured, for
example, by high performance liquid chromatography. The effects of any particular dosage can be monitored
by a suitable bioassay. The dosage can be determined by a physician and adjusted, as necessary, to suit
observed effects of the treatment.

[0526] The treatment and/or prevention of cancer includes, but is not limited to, alleviating symptoms
associated with cancer, the inhibition of the progression of cancer, the promotion of the regression of cancer,
the promotion of the immune response, inhibition of tumor growth, inhibition of tumor size, inhibition of
metastasis, inhibition of cancer cell growth, inhibition of cancer cell proliferation, or cause cancer cell death.
Modes of administration

[0527] The IgA antibodies or antigen binding fragment thereof, described herein, can be administered to a
subject in need thereof by any appropriate route which results in an effective treatment in the subject. As
used herein, the terms "administering,” and "introducing” are used interchangeably and refer to the
placement of an antibody or antibody portion thereof into a subject by a method or route which results in at
least partial localization of such agents at a desired site, such as a site of inflammation or cancer, such that a
desired effect(s) is produced.

[0528] In some embodiments, the antibodies or antigen binding fragment thereof, described herein, or
compositions comprising the same is administered to a subject having a cancer, to be inhibited by any mode
of administration that delivers the agent systemically or to a desired surface or target, and can include, but is
not limited to, injection, infusion, instillation, and inhalation administration. Oral administration forms are
also contemplated herein. "Injection” includes, without limitation, intravenous, intramuscular, intraarterial,

intrathecal, intraventricular, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
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transtracheal, subcutaneous, subcuticular, intraarticular, sub capsular, subarachnoid, intracranial, intraspinal,
intracerebro spinal, and intrasternal injection and infusion.
[0529] The phrases "parenteral administration" and "administered parenterally" as used herein, refer to

modes of administration other than enteral and topical administration, usually by injection. The phrases

"u non

"systemic administration,” "administered systemically”, "peripheral administration" and "administered
peripherally” as used herein refer to the administration of the bispecific or multispecific polypeptide agent
other than directly into a target site, tissue, or organ, such as a tumor site, such that it enters the subject's
circulatory system and, thus, is subject to metabolism and other like processes.

[0530] In some embodiments, the antibodies, or antigen binding fragment thereof, described herein, or
compositions comprising the same can be administered via intravenous administration as a bolus or by
continuous infusion over a period of time, by intramuscular, intraperitoneal, intracerobrospinal,
subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or inhalation routes. Local
administration, for example, to a tumor or cancer site where angiogenesis is occurring, is particularly desired
if extensive side effects or toxicity is associated with the use of the antibodies, or antigen binding fragment
thereof, described herein, or compositions comprising the same. An ex vivo strategy can also be used for
therapeutic applications in some embodiments. Ex vivo strategies involve transfecting or transducing cells
obtained from a subject with a nucleic acid sequence, disclosed herein. The transfected or transduced cells
are then returned to the subject. The cells can be any of a wide range of types including, without limitation,
hematopoietic cells (e.g., bone marrow cells, macrophages, monocytes, dendritic cells, T cells, or B cells),
fibroblasts, epithelial cells, endothelial cells, keratinocytes, or muscle cells.

[0531] In some embodiments, an antibody or antigen binding fragment thereof, disclosed herein, or a
composition comprising the same is administered by any suitable means, including parenteral, subcutaneous,
intraperitoneal, intrapulmonary, and intranasal, and, if desired for local immunosuppressive treatment,
intralesional administration.

[0532] Parenteral infusions include intramuscular, intravenous, intraarterial, intraperitoneal, or
subcutaneous administration. In some embodiments, the antibody or antigen binding fragment thereof or
compositions of the disclosure are suitably administered by pulse infusion, particularly with declining doses
of the antibody. Preferably the dosing is given by injections, most preferably intravenous or subcutaneous
injections, depending in part on whether the administration is brief or chronic. In some embodiments, the
antibody or antigen binding fragment thereof or compositions of the disclosure are administered locally, e.g.,
by direct injections, when the disorder or location of the tumor permits, and the injections can be repeated
periodically. In some embodiments, the antibody or antigen binding fragment thereof or compositions of the

disclosure can also be delivered systemically to the subject or directly to the tumor cells, e.g., to a tumor or a
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tumor bed following surgical excision of the tumor, in order to prevent or reduce local recurrence or
metastasis, for example of a dormant tumor or micrometastases.

[0533] Antibody-targeted sonoporation methods are contemplated for use in some embodiments of the
methods for inhibiting tumors described herein, in order to enhance the efficacy and potency of the
therapeutic compositions comprising antibodies and antigen binding fragment thereof provided herein. As
used herein, "sonoporation” refers to the use of sound, preferably at ultrasonic frequencies, or the interaction
of ultrasound with contrast agents (e.g., stabilized microbubbles) for temporarily modifying the permeability
of cell plasma membranes, thus allowing uptake of large molecules, such as therapeutic agents. The
membrane permeability caused by the sonoporation is transient, leaving the agents trapped inside the cell
after the ultrasound exposure. Sonoporation employs acoustic cavitation of microbubbles to enhance
delivery of large molecules.

[0534] Accordingly, in some embodiments of the methods, the antibody or antigen binding fragment thereof
described herein, mixed with ultrasound contrast agents, such as microbubbles, can be injected locally or
systemically into a subject in need of treatment for cancer, and ultrasound can be coupled and even focused
into the defined area, e.g., tumor site, to achieve targeted delivery. In some embodiments, the methods use
focused ultrasound methods to achieve targeted delivery. As used herein, HIFU or "High Intensity Focused
Ultrasound" refers to a non-invasive therapeutic method using high-intensity ultrasound to heat and destroy
malignant or pathogenic tissue without causing damage to overlying or surrounding health tissue. As
described in Khaibullina et al., 49 J. Nucl. Med. 295 (2008), and WO 2010127369, HIFU can also be used as
a means of delivery of therapeutic agents, such as antibodies or antibody fragments thereof.

[0535] Methods using contrast-enhanced ultrasound (CEUS) are also contemplated for use with an antibody
or antigen binding fragment thereof, described herein. Contrast-enhanced ultrasound (CEUS) refers to the
application of ultrasound contrast medium and ultrasound contrast agents to traditional medical sonography.
Ultrasound contrast agents refer to agents that rely on the different ways in which sound waves are reflected
from interfaces between substances. A variety of microbubble contrast agents are available for use with the
compositions and methods described herein. Microbubbles can differ in their shell makeup, gas core
makeup, and whether or not they are targeted. Targeting ligands that bind to receptors characteristic of
angiogenic disorders, can be conjugated to microbubbles, enabling the microbubble complex to accumulate
selectively in areas of interest, such as diseased or abnormal tissues. This form of molecular imaging, known
as targeted contrast-enhanced ultrasound, will only generate a strong ultrasound signal if targeted
microbubbles bind in the area of interest. Targeted contrast-enhanced ultrasound has many applications in
both medical diagnostics and medical therapeutics. In some embodiments, an antibody or antigen binding
fragment thereof, described herein, is administered to a subject in need of treatment for a cancer or a tumor,

using a targeted ultrasound delivery.
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Pharmaceutical Compositions and Dosage Forms

[0536] Disclosed herein, in certain embodiments, are pharmaceutical compositions comprising an IgA
antibody or a functional fragment thereof disclosed herein for administration in a subject.

[0537] In some embodiments, pharmaceutical compositions comprising a IgA antibody described herein are
formulated in a conventional manner using one or more physiologically acceptable carriers including
excipients and auxiliaries which facilitate processing of the active compounds into preparations which can
be used pharmaceutically. Proper formulation is dependent upon the route of administration chosen. A
summary of pharmaceutical compositions described herein is found, for example, in Remington: The Science
and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.: Mack Publishing Company, 1995); Hoover, John E.,
Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton, Pennsylvania 1975; Liberman, H.A. and
Lachman, L., Eds., Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y., 1980; and
Pharmaceutical Dosage Forms and Drug Delivery Systems, Seventh Ed. (Lippincott Williams &
Wilkins1999).

[0538] Pharmaceutical compositions are optionally manufactured in a conventional manner, such as, by
way of example only, by means of conventional mixing, dissolving, granulating, dragee-making, levigating,
emulsifying, encapsulating, entrapping or compression processes.

[0539] In certain embodiments, compositions may also include one or more pH adjusting agents or
buffering agents, including acids such as acetic, boric, citric, lactic, phosphoric and hydrochloric acids;
bases such as sodium hydroxide, sodium phosphate, sodium borate, sodium citrate, sodium acetate, sodium
lactate and tris-hydroxymethylaminomethane; and buffers such as citrate/dextrose, sodium bicarbonate and
ammonium chloride. Such acids, bases and buffers are included in an amount required to maintain pH of
the composition in an acceptable range.

[0540] In other embodiments, compositions may also include one or more salts in an amount required to
bring osmolality of the composition into an acceptable range. Such salts include those having sodium,
potassium or ammonium cations and chloride, citrate, ascorbate, borate, phosphate, bicarbonate, sulfate,
thiosulfate or bisulfite anions; suitable salts include sodium chloride, potassium chloride, sodium
thiosulfate, sodium bisulfite and ammonium sulfate.

[0541] The pharmaceutical compositions described herein are administered by any suitable administration
route, including but not limited to, oral, parenteral (e.g., intravenous, subcutaneous, intramuscular,
intracerebral, intracerebroventricular, intra-articular, intraperitoneal, or intracranial), intranasal, buccal,
sublingual, or rectal administration routes. In some embodiments, the pharmaceutical composition is
formulated for parenteral (e.g., intravenous, subcutaneous, intramuscular, intracerebral,

intracerebroventricular, intra-articular, intraperitoneal, or intracranial) administration.
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[0542] The pharmaceutical compositions described herein are formulated into any suitable dosage form,
including but not limited to, aqueous oral dispersions, liquids, gels, syrups, elixirs, slurries, suspensions and
the like, for oral ingestion by an individual to be treated, solid oral dosage forms, aerosols, controlled
release formulations, fast melt formulations, effervescent formulations, lyophilized formulations, tablets,
powders, pills, dragees, capsules, delayed release formulations, extended release formulations, pulsatile
release formulations, multiparticulate formulations, and mixed immediate release and controlled release
formulations.

[0543] In some embodiments, the pharmaceutical compositions are formulated into capsules. In some
embodiments, the pharmaceutical compositions are formulated into solutions (for example, for IV
administration). In some embodiments, the pharmaceutical composition is formulated as an infusion. In
some embodiments, the pharmaceutical composition is formulated as an injection.

[0544] The pharmaceutical solid dosage forms described herein optionally include a compound described
herein and one or more pharmaceutically acceptable additives such as a compatible carrier, binder, filling
agent, suspending agent, flavoring agent, sweetening agent, disintegrating agent, dispersing agent,
surfactant, lubricant, colorant, diluent, solubilizer, moistening agent, plasticizer, stabilizer, penetration
enhancer, wetting agent, anti-foaming agent, antioxidant, preservative, or one or more combination thereof.
[0545] In still other aspects, using standard coating procedures, such as those described in Remington's
Pharmaceutical Sciences, 20th Edition (2000), a film coating is provided around the compositions. In some
embodiments, the compositions are formulated into particles (for example for administration by capsule)
and some or all of the particles are coated. In some embodiments, the compositions are formulated into
particles (for example for administration by capsule) and some or all of the particles are microencapsulated.
In some embodiments, the compositions are formulated into particles (for example for administration by
capsule) and some or all of the particles are not microencapsulated and are uncoated.

[0546] In certain embodiments, compositions provided herein may also include one or more preservatives
to inhibit microbial activity. Suitable preservatives include mercury-containing substances such as merfen
and thiomersal; stabilized chlorine dioxide; and quaternary ammonium compounds such as benzalkonium
chloride, cetyltrimethylammonium bromide and cetylpyridinium chloride.

[0547] “Proliferative disease” as referred to herein means a unifying concept that excessive proliferation
of cells and turnover of cellular matrix contribute significantly to the pathogenesis of several diseases,
including cancer is presented.

[0548] “Patient” or “subject” as used herein refers to a mammalian subject diagnosed with or suspected of
having or developing a physiological condition, for instance a cancer or an autoimmune condition or an
infection. In some embodiments, the term “patient” refers to a mammalian subject with a higher than

average likelihood of developing cancer. Exemplary patients may be humans, apes, dogs, pigs, cattle, cats,
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horses, goats, sheep, rodents and other mammalians that can benefit from the therapies disclosed herein.
Exemplary human patients can be male and/or female. “Patient in need thereof” or “subject in need thereof”
is referred to herein as a patient diagnosed with or suspected of having a disease or disorder, for instance,
but not restricted to a proliferative disorder such as cancer. In some embodiments, a cancer is a solid tumor
or a hematologic malignancy. In some embodiments, the cancer is a solid tumor. In other embodiments, the
cancer is a hematologic malignancy. In some embodiments, the cancer is a metastatic cancer. In some
embodiments, the cancer is a relapsed or refractory cancer. In some embodiments, the cancer is a solid
tumor. Exemplary solid tumors include, but are not limited to, anal cancer; appendix cancer; bile duct
cancer (i.e., cholangiocarcinoma); bladder cancer; brain tumor; breast cancer; cervical cancer; colon cancer;
cancer of Unknown Primary (CUP); esophageal cancer; eye cancer; fallopian tube cancer;
gastroenterological cancer; kidney cancer; liver cancer; lung cancer; medulloblastoma; melanoma; oral
cancer; ovarian cancer; pancreatic cancer; parathyroid disease; penile cancer; pituitary tumor; prostate
cancer; rectal cancer; skin cancer; stomach cancer; testicular cancer; throat cancer; thyroid cancer; uterine
cancer; vaginal cancer; vulvar cancer; or glioblastoma. In some embodiments leukemia can be, for
instance, acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), chronic lymphocytic
leukemia (CLL) and chronic myeloid leukemia (CML).

[0549] “Administering” is referred to herein as providing the compositions of the present disclosure to a
patient. By way of example and not limitation, composition administration, e.g., injection, may be
performed by intravenous (i.v.) injection, sub-cutaneous (s.c.) injection, intradermal (i.d.) injection,
intraperitoneal (i.p.) injection, or intramuscular (i.m.) injection. One or more such routes may be employed.
Parenteral administration can be, for example, by bolus injection or by gradual perfusion over time.
Alternatively, or concurrently, administration may be by the oral route. Additionally, administration may
also be by surgical deposition of a bolus or pellet of cells, or positioning of a medical device. In an
embodiment, a composition of the present disclosure may comprise engineered cells or host cells
expressing nucleic acid sequences described herein, or a vector comprising at least one nucleic acid
sequence described herein, in an amount that is effective to treat or prevent proliferative disorders. A
pharmaceutical composition may comprise a target cell population as described herein, in combination with
one or more pharmaceutically or physiologically acceptable carriers, diluents or excipients. Such
compositions may comprise buffers such as neutral buffered saline, phosphate buffered saline and the like;
carbohydrates such as glucose, mannose, sucrose or dextrans, mannitol; proteins; polypeptides or amino
acids such as glycine; antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g.,
aluminum hydroxide); and preservatives.

[0550] As used herein, the terms “treatment,” “treating,” and its grammatical equivalents refer to obtaining

a desired pharmacologic and/or physiologic effect. In embodiments, the effect is therapeutic, i.e., the effect
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partially or completely cures a disease and/or adverse symptom attributable to the disease. To this end, the
method described herein comprises administering a “therapeutically effective amount” of the composition

comprising the host cells expressing the nucleic acid sequence described herein, or a vector comprising the
nucleic acid sequences described herein.

CLINY3 LL T3

[0551] The terms “therapeutically effective amount”, “therapeutic amount”, “immunologically effective
amount”, anti-tumor effective amount”, “tumor inhibiting effective amount” or their grammatical
equivalents refers to an amount effective, at dosages and for periods of time necessary, to achieve a desired
result. The therapeutically effective amount may vary according to factors such as the disease state, age,
sex, and weight of the individual and the ability of a composition described herein to elicit a desired
response in the individual. The precise amount of the compositions of the present disclosure to be
administered can be determined by a physician with consideration of individual differences in age, weight,
tumor size, extent of infection or metastasis, and condition of the patient (subject).

[0552] Alternatively, the pharmacologic and/or physiologic effect of administration of one or more
compositions described herein to a patient or a subject may be “prophylactic,” i.e., the effect completely or
partially prevents a disease or symptom thereof.

[0553] A “prophylactically effective amount” refers to an amount effective, at dosages and for periods of
time necessary, to achieve a desired prophylactic result (e.g., prevention of disease onset).

[0554] “Antifoaming agents” reduce foaming during processing which can result in coagulation of aqueous
dispersions, bubbles in the finished film, or generally impair processing. Exemplary anti-foaming agents
include silicon emulsions or sorbitan sesquoleate.

[0555] Antioxidants” include, for example, butylated hydroxytoluene (BHT), sodium ascorbate, ascorbic
acid, sodium metabisulfite and tocopherol. In certain embodiments, antioxidants enhance chemical stability
where required.

[0556] Formulations described herein may benefit from antioxidants, metal chelating agents, thiol
containing compounds and other general stabilizing agents. Examples of such stabilizing agents, include,
but are not limited to: (a) about 0.5% to about 2% w/v glycerol, (b) about 0.1% to about 1% w/v
methionine, (c) about 0.1% to about 2% w/v monothioglycerol, (d) about 1 mM to about 10 mM EDTA, (e)
about 0.01% to about 2% w/v ascorbic acid, (f) 0.003% to about 0.02% w/v polysorbate 80, (g) 0.001% to
about 0.05% w/v. polysorbate 20, (h) arginine, (i) heparin, (j) dextran sulfate, (k) cyclodextrins, (1) pentosan
polysulfate and other heparinoids, (m) divalent cations such as magnesium and zinc; or (n) combinations
thereof.

[0557] “Binders” impart cohesive qualities and include, e.g., alginic acid and salts thereof; cellulose
derivatives such as carboxymethylcellulose, methylcellulose (e.g., Methocel®),

hydroxypropylmethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose (e.g., Klucel®),
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ethylcellulose (e.g., Ethocel®), and microcrystalline cellulose (e.g., Avicel®); microcrystalline dextrose;
amylose; magnesium aluminum silicate; polysaccharide acids; bentonites; gelatin;
polyvinylpyrrolidone/vinyl acetate copolymer; crospovidone; povidone; starch; pregelatinized starch;
tragacanth, dextrin, a sugar, such as sucrose (e.g., Dipac®), glucose, dextrose, molasses, mannitol, sorbitol,
xylitol (e.g., Xylitab®), and lactose; a natural or synthetic gum such as acacia, tragacanth, ghatti gum,
mucilage of isapol husks, polyvinylpyrrolidone (e.g., Polyvidone® CL, Kollidon® CL, Polyplasdone® XL-
10), larch arabogalactan, Veegum®, polyethylene glycol, waxes, sodium alginate, and the like.

[0558] A “carrier” or “carrier materials” include any commonly used excipients in pharmaceutics and
should be selected on the basis of compatibility with compounds disclosed herein, such as, compounds of
ibrutinib and an anticancer agent, and the release profile properties of the desired dosage form. Exemplary
carrier materials include, e.g., binders, suspending agents, disintegration agents, filling agents, surfactants,
solubilizers, stabilizers, lubricants, wetting agents, diluents, and the like. “Pharmaceutically compatible
carrier materials” may include, but are not limited to, acacia, gelatin, colloidal silicon dioxide, calcium
glycerophosphate, calcium lactate, maltodextrin, glycerine, magnesium silicate, polyvinylpyrrollidone
(PVP), cholesterol, cholesterol esters, sodium caseinate, soy lecithin, taurocholic acid, phosphotidylcholine,
sodium chloride, tricalcium phosphate, dipotassium phosphate, cellulose and cellulose conjugates, sugars
sodium stearoyl lactylate, carrageenan, monoglyceride, diglyceride, pregelatinized starch, and the like. See,
e.g., Remington: The Science and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.: Mack Publishing
Company, 1995); Hoover, John E., Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton,
Pennsylvania 1975; Liberman, H.A. and Lachman, L., Eds., Pharmaceutical Dosage Forms, Marcel Decker,
New York, N.Y., 1980; and Pharmaceutical Dosage Forms and Drug Delivery Systems, Seventh Ed.
(Lippincott Williams & Wilkins1999).

[0559] “Dispersing agents,” and/or “viscosity modulating agents” include materials that control the
diffusion and homogeneity of a drug through liquid media or a granulation method or blend method. In
some embodiments, these agents also facilitate the effectiveness of a coating or eroding matrix. Exemplary
diffusion facilitators/dispersing agents include, e.g., hydrophilic polymers, electrolytes, Tween ® 60 or 80,
PEG, polyvinylpyrrolidone (PVP; commercially known as Plasdone®), and the carbohydrate-based
dispersing agents such as, for example, hydroxypropyl celluloses (e.g., HPC, HPC-SL, and HPC-L),
hydroxypropyl methylcelluloses (e.g., HPMC K100, HPMC K4M, HPMC K15M, and HPMC K100M),
carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose phthalate, hydroxypropylmethylcellulose acetate stearate (HPMCAS),
noncrystalline cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl alcohol (PVA), vinyl
pyrrolidone/vinyl acetate copolymer (S630), 4-(1,1,3,3-tetramethylbutyl)- phenol polymer with ethylene
oxide and formaldehyde (also known as tyloxapol), poloxamers (e.g., Pluronics F68®, F88®, and F108®,
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which are block copolymers of ethylene oxide and propylene oxide); and poloxamines (e.g., Tetronic 908®,
also known as Poloxamine 908®, which is a tetrafunctional block copolymer derived from sequential
addition of propylene oxide and ethylene oxide to ethylenediamine (BASF Corporation, Parsippany, N.JI.)),
polyvinylpyrrolidone K12, polyvinylpyrrolidone K17, polyvinylpyrrolidone K25, or polyvinylpyrrolidone
K30, polyvinylpyrrolidone/vinyl acetate copolymer (S-630), polyethylene glycol, e.g., the polyethylene
glycol can have a molecular weight of about 300 to about 6000, or about 3350 to about 4000, or about 7000
to about 5400, sodium carboxymethylcellulose, methylcellulose, polysorbate-80, sodium alginate, gums,
such as, e.g., gum tragacanth and gum acacia, guar gum, xanthans, including xanthan gum, sugars,
cellulosics, such as, e.g., sodium carboxymethylcellulose, methylcellulose, sodium carboxymethylcellulose,
polysorbate-80, sodium alginate, polyethoxylated sorbitan monolaurate, polyethoxylated sorbitan
monolaurate, povidone, carbomers, polyvinyl alcohol (PVA), alginates, chitosans and combinations thereof.
Plasticizers such as cellulose or triethyl cellulose can also be used as dispersing agents. Dispersing agents
particularly useful in liposomal dispersions and self-emulsifying dispersions are dimyristoyl phosphatidyl
choline, natural phosphatidyl choline from eggs, natural phosphatidyl glycerol from eggs, cholesterol and
isopropyl myristate.

[0560] Combinations of one or more erosion facilitator with one or more diffusion facilitator can also be
used in the present compositions.

[0561] The term “diluent” refers to chemical compounds that are used to dilute the compound of interest
prior to delivery. Diluents can also be used to stabilize compounds because they can provide a more stable
environment. Salts dissolved in buffered solutions (which also can provide pH control or maintenance) are
utilized as diluents in the art, including, but not limited to a phosphate buffered saline solution. In certain
embodiments, diluents increase bulk of the composition to facilitate compression or create sufficient bulk
for homogenous blend for capsule filling. Such compounds include e.g., lactose, starch, mannitol, sorbitol,
dextrose, microcrystalline cellulose such as Avicel®; dibasic calcium phosphate, dicalcium phosphate
dihydrate; tricalcium phosphate, calcium phosphate; anhydrous lactose, spray-dried lactose; pregelatinized
starch, compressible sugar, such as Di-Pac® (Amstar); mannitol, hydroxypropylmethylcellulose,
hydroxypropylmethylcellulose acetate stearate, sucrose-based diluents, confectioner’s sugar; monobasic
calcium sulfate monohydrate, calcium sulfate dihydrate; calcium lactate trihydrate, dextrates; hydrolyzed
cereal solids, amylose; powdered cellulose, calcium carbonate; glycine, kaolin; mannitol, sodium chloride;
inositol, bentonite, and the like.

[0562] “Filling agents” include compounds such as lactose, calcium carbonate, calcium phosphate, dibasic
calcium phosphate, calcium sulfate, microcrystalline cellulose, cellulose powder, dextrose, dextrates,
dextran, starches, pregelatinized starch, sucrose, xylitol, lactitol, mannitol, sorbitol, sodium chloride,

polyethylene glycol, and the like.
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[0563] “Lubricants” and “glidants” are compounds that prevent, reduce or inhibit adhesion or friction of
materials. Exemplary lubricants include, e.g., stearic acid, calcium hydroxide, talc, sodium stearyl fumerate,
a hydrocarbon such as mineral oil, or hydrogenated vegetable oil such as hydrogenated soybean oil
(Sterotex®), higher fatty acids and their alkali-metal and alkaline earth metal salts, such as aluminum,
calcium, magnesium, zinc, stearic acid, sodium stearates, glycerol, talc, waxes, Stearowet®, boric acid,
sodium benzoate, sodium acetate, sodium chloride, leucine, a polyethylene glycol (e.g., PEG-4000) or a
methoxypolyethylene glycol such as Carbowax™, sodium oleate, sodium benzoate, glyceryl behenate,
polyethylene glycol, magnesium or sodium lauryl sulfate, colloidal silica such as Syloid™, Cab-O-Sil®, a
starch such as corn starch, silicone oil, a surfactant, and the like.

[0564] “Plasticizers” are compounds used to soften the microencapsulation material or film coatings to
make them less brittle. Suitable plasticizers include, e.g., polyethylene glycols such as PEG 300, PEG 400,
PEG 600, PEG 1450, PEG 3350, and PEG 800, stearic acid, propylene glycol, oleic acid, triethyl cellulose
and triacetin. In some embodiments, plasticizers can also function as dispersing agents or wetting agents.
[0565] “Solubilizers” include compounds such as triacetin, triethylcitrate, ethyl oleate, ethyl caprylate,
sodium lauryl sulfate, sodium doccusate, vitamin E TPGS, dimethylacetamide, N- methylpyrrolidone, N-
hydroxyethylpyrrolidone, polyvinylpyrrolidone, hydroxypropylmethyl cellulose, hydroxypropyl
cyclodextrins, ethanol, n-butanol, isopropyl alcohol, cholesterol, bile salts, polyethylene glycol 200-600,
glycofurol, transcutol, propylene glycol, and dimethyl isosorbide and the like.

[0566] “Stabilizers” include compounds such as any antioxidation agents, buffers, acids, preservatives and
the like.

[0567] “Suspending agents” include compounds such as polyvinylpyrrolidone, e.g., polyvinylpyrrolidone
K12, polyvinylpyrrolidone K17, polyvinylpyrrolidone K25, or polyvinylpyrrolidone K30, vinyl
pyrrolidone/vinyl acetate copolymer (S630), polyethylene glycol, e.g., the polyethylene glycol can have a
molecular weight of about 300 to about 6000, or about 3350 to about 4000, or about 7000 to about 5400,
sodium carboxymethylcellulose, methylcellulose, hydroxypropylmethylcellulose, hydroxymethylcellulose
acetate stearate, polysorbate-80, hydroxyethylcellulose, sodium alginate, gums, such as, e.g., gum
tragacanth and gum acacia, guar gum, xanthans, including xanthan gum, sugars, cellulosics, such as, e.g.,
sodium carboxymethylcellulose, methylcellulose, sodium carboxymethylcellulose,
hydroxypropylmethylcellulose, hydroxyethylcellulose, polysorbate-80, sodium alginate, polyethoxylated
sorbitan monolaurate, polyethoxylated sorbitan monolaurate, povidone and the like.

[0568] “Surfactants” include compounds such as sodium lauryl sulfate, sodium docusate, Tween 60 or 80,
triacetin, vitamin E TPGS, sorbitan monooleate, polyoxyethylene sorbitan monooleate, polysorbates,
polaxomers, bile salts, glyceryl monostearate, copolymers of ethylene oxide and propylene oxide, e.g.,

Pluronic® (BASF), and the like. Some other surfactants include polyoxyethylene fatty acid glycerides and
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vegetable oils, e.g., polyoxyethylene (60) hydrogenated castor oil; and polyoxyethylene alkylethers and
alkylphenyl ethers, e.g., octoxynol 10, octoxynol 40. In some embodiments, surfactants may be included to
enhance physical stability or for other purposes.

[0569] “Viscosity enhancing agents” include, e.g., methyl cellulose, xanthan gum, carboxymethyl
cellulose, hydroxypropyl cellulose, hydroxypropylmethyl cellulose, hydroxypropylmethyl cellulose acetate
stearate, hydroxypropylmethyl cellulose phthalate, carbomer, polyvinyl alcohol, alginates, acacia, chitosans
and combinations thereof.

[0570] “Wetting agents” include compounds such as oleic acid, glyceryl monostearate, sorbitan
monooleate, sorbitan monolaurate, triethanolamine oleate, polyoxyethylene sorbitan monooleate,
polyoxyethylene sorbitan monolaurate, sodium docusate, sodium oleate, sodium lauryl sulfate, sodium
doccusate, triacetin, Tween 80, vitamin E TPGS, ammonium salts and the like.

[0571] Optionally, the formulations comprising the compositions described herein contain a
pharmaceutically acceptable salt, typically, e.g., sodium chloride, and preferably at about physiological
concentrations. Optionally, the formulations of the invention can contain a pharmaceutically acceptable
preservative. In some embodiments the preservative concentration ranges from 0.1 to 2.0%, typically v/v.
Suitable preservatives include those known in the pharmaceutical arts. Benzyl alcohol, phenol, m-cresol,
methylparaben, and propylparaben are examples of preservatives. Optionally, the formulations of the
invention can include a pharmaceutically acceptable surfactant at a concentration of 0.005 to 0.02%.

[0572] The compositions described herein can be specially formulated for administration of the antibody or
antigen binding fragment thereof to a subject in solid, liquid or gel form, including those adapted for the
following: (1) parenteral administration, for example, by subcutaneous, intramuscular, intravenous or epidural
injection as, for example, a sterile solution or suspension, or sustained-release formulation; (2) topical
application, for example, as a cream, ointment, or a controlled-release patch or spray applied to the skin; (3)
intravaginally or intrarectally, for example, as a pessary, cream or foam; (4) ocularly; (5) transdermally; (6)
transmucosally; or (7) nasally. Additionally, an antibody or antigen binding fragment thereof, or compositions
of the present disclosure can be implanted into a patient or injected using a drug delivery system. See, e.g.,
Urquhart et al., 24 Ann. Rev. Pharmacol. Toxicol. 199 (1984); Controlled Release of Pesticides &
Pharmaceuticals (Lewis, ed., Plenum Press, New York, 1981); U.S. Patents No. 3,773,919, No. 3,270,960.
[0573] The compositions disclosed herein, comprising an antibody or antigen binding fragment, described
herein, can also contain more than one active compound as necessary for the particular indication being
treated, preferably those with complementary activities that do not adversely affect each other. For example,
the composition can further comprise a cytotoxic agent, cytokine, growth inhibitory agent and/or an
angiogenesis inhibitor such as a VEGFR antagonist. Such molecules are suitably present in combination in

amounts that are effective for the purpose intended. The active ingredients of the compositions comprising an
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antibody or antigen binding fragment thereof described herein can also be entrapped in microcapsules
prepared, for example, by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate) microcapsules, respectively,
in colloidal drug delivery systems (for example, liposomes, albumin microspheres, microparticle,
microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such techniques are disclosed in
Remington's Pharmaceutical Sciences (16th ed., Osol, ed., 1980). The pharmaceutical composition can be also
delivered in a vesicle, in particular a liposome (see Langer 1990 Science 249:1527-1533; Treat et al. (1989) in
Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and Fidler (eds.), Liss, New
York, pp. 353-365; Lopez-Berestein, ibid., pp. 317-327; see generally ibid.). Liposomes include emulsions,
foams, micelles, insoluble monolayers, phospholipid dispersions, lamellar layers and the like, and can serve as
vehicles to target the M-CSF antibodies to a particular tissue as well as to increase the half life of the
composition. A variety of methods are available for preparing liposomes, as described in, e.g., U.S. Pat. Nos.
4,837,028 and 5,019,369, which patents are incorporated herein by reference.

[0574] Liposomes containing the antibody are prepared by methods known in the art, such as described in
Epstein et al., Proc. Natl. Acad. Sci. USA 82: 3688 (1985); Hwang et al., Proc. Natl Acad. Sci. USA 77: 4030
(1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545. Liposomes with enhanced circulation time are disclosed
in U.S. Pat. No. 5,013,556. Particularly useful liposomes can be generated by the reverse phase evaporation
method with a lipid composition comprising phosphatidylcholine, cholesterol and PEG-derivatized
phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore size to yield
liposomes with the desired diameter. Fab' fragments of the antibody of the present invention can be
conjugated to the liposomes as described in Martin et al., J. Biol. Chem. 257: 286-288 (1982) via a disulfide
interchange reaction. A chemotherapeutic agent (such as Doxorubicin) is optionally contained within the
liposome [see, e.g., Gabizon et al., J. National Cancer Inst. 81(19): 1484 (1989)].

[0575] In some embodiments, sustained-release preparations can be used. Suitable examples of sustained-
release preparations include semipermeable matrices of solid hydrophobic polymers containing an antibody or
antigen binding fragment of the present disclosure, in which the matrices are in the form of shaped articles,
e.g., films, or microcapsule. Examples of sustained-release matrices include polyesters, hydrogels (for
example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Patent No.
3,773.919), copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate,
degradable lactic acid-glycolic 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 ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules
for over 100 days, certain hydrogels release proteins for shorter time periods. When encapsulated antibodies

remain in the body for a long time, they can denature or aggregate as a result of exposure to moisture at 37°C,
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resulting in a loss of biological activity and possible changes in immunogenicity. Rational strategies can be
devised for stabilization depending on the mechanism involved. For example, if the aggregation mechanism is
discovered to be intermolecular S--S bond formation through thiodisulfide interchange, stabilization can be
achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling moisture content,
using appropriate additives, and developing specific polymer matrix compositions. In certain situations, the
pharmaceutical composition can be delivered in a controlled release system. In one embodiment, a pump may
be used (see Langer, supra; Sefton 1987 CRC Crit. Ref. Biomed. Eng. 14:201). In another embodiment,
polymeric materials can be used. In yet another embodiment, a controlled release system can be placed in
proximity of the composition's target, thus requiring only a fraction of the systemic dose (see, e.g., Goodson,
1984, in Medical Applications of Controlled Release, supra, vol. 2, pp. 115-138).

[0576] A pharmaceutical composition of the present disclosure can be delivered, e.g., subcutaneously or
intravenously with a standard needle and syringe. In addition, with respect to subcutaneous delivery, a pen
delivery device readily has applications in delivering a pharmaceutical composition of the present invention.
Such a pen delivery device can be reusable or disposable. A reusable pen delivery device generally utilizes a
replaceable cartridge that contains a pharmaceutical composition. Once all of the pharmaceutical composition
within the cartridge has been administered and the cartridge is empty, the empty cartridge can readily be
discarded and replaced with a new cartridge that contains the pharmaceutical composition. The pen delivery
device can then be reused. In a disposable pen delivery device, there is no replaceable cartridge. Rather, the
disposable pen delivery device comes prefilled with the pharmaceutical composition held in a reservoir within
the device. Once the reservoir is emptied of the pharmaceutical composition, the entire device is discarded.
Numerous reusable pen and autoinjector delivery devices have applications in the subcutaneous delivery of a
pharmaceutical composition of the present invention. Examples include, but certainly are not limited to
AUTOPEN™ (Owen Mumford, Inc., Woodstock, UK), DISETRONIC™ pen (Disetronic Medical Systems,
Burghdorf, Switzerland), HUMALOG MIX 75/25™ pen, HUMALOG™ pen, HUMALIN70130™ pen (Eli
Lilly and Co., Indianapolis, Ind.), NOVOPEN™ I, II and IIT (Novo Nordisk, Copenhagen, Denmark),
NOVOPEN JUNIOR™ (Novo Nordisk, Copenhagen, Denmark), BD™ pen (Becton Dickinson, Franklin
Lakes, N.J.), OPTIPEN™, OPTIPEN PRO™, OPTIPEN STARLET™, and OPTICLIK™ (Sanofi-Aventis,
Frankfurt, Germany), to name only a few. Examples of disposable pen delivery devices having applications in
subcutaneous delivery of a pharmaceutical composition include, but certainly are not limited to the
SOLOSTAR™ pen (Sanofi-Aventis), the FLEXPEN™ (Novo Nordisk), and the KWIKPEN™ (Eli Lilly).
[0577] The injectable preparations may include dosage forms for intravenous, subcutaneous, intracutaneous
and intramuscular injections, drip infusions, etc. These injectable preparations may be prepared by methods
publicly known. For example, the injectable preparations may be prepared, e.g., by dissolving, suspending or

emulsifying the antibody or its salt described above in a sterile aqueous medium or an oily medium
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conventionally used for injections. As the aqueous medium for injections, there are, for example,
physiological saline, an isotonic solution containing glucose and other auxiliary agents, etc., which may be
used in combination with an appropriate solubilizing agent such as an alcohol (e.g., ethanol), a polyalcohol
(e.g., propylene glycol, polyethylene glycol), a nonionic surfactant [e.g., polysorbate 80, HCO-50
(polyoxyethylene (50 mol) adduct of hydrogenated castor oil)], etc. As the oily medium, there are employed,
e.g., sesame oil, soybean oil, etc., which may be used in combination with a solubilizing agent such as benzyl
benzoate, benzyl alcohol, etc. The injection thus prepared is preferably filled in an appropriate ampoule.
[0578] Compositions of the present disclosure can be in the form of, for example, granules, powders, tablets,
capsules, syrup, suppositories, injections, emulsions, elixirs, suspensions or solutions. The amount of the
aforesaid antibody contained can be about 5 to about 500 mg per dosage form in a unit dose; especially in the
form of injection, it is preferred that the aforesaid antibody is contained in about 5 to about 100 mg and in
about 10 to about 250 mg for the other dosage forms.

[0579] For oral, buccal, and sublingual administration, powders, suspensions, granules, tablets, pills,
capsules, gelcaps, and caplets are acceptable as solid dosage forms. These can be prepared, for example, by
mixing one or more compounds of the instant invention, or pharmaceutically acceptable salts or tautomers
thereof, with at least one additive such as a starch or other additive. Suitable additives are sucrose, lactose,
cellulose sugar, mannitol, maltitol, dextran, starch, agar, alginates, chitins, chitosans, pectins, tragacanth gum,
gum arabic, gelatins, collagens, casein, albumin, synthetic or semi-synthetic polymers or glycerides.
Optionally, oral dosage forms can contain other ingredients to aid in administration, such as an inactive
diluent, or lubricants such as magnesium stearate, or preservatives such as paraben or sorbic acid, or anti-
oxidants such as ascorbic acid, tocopherol or cysteine, a disintegrating agent, binders, thickeners, buffers,
sweeteners, flavoring agents or perfuming agents. Tablets and pills may be further treated with suitable
coating materials known in the art.

[0580] Liquid dosage forms for oral administration may be in the form of pharmaceutically acceptable
emulsions, syrups, elixirs, suspensions, and solutions, which may contain an inactive diluent, such as water.
In some embodiments, pharmaceutical formulations and medicaments may be prepared as liquid suspensions
or aqueous solutions, for example, using a sterile liquid, such as, but not limited to, an oil, water, an alcohol,
and combinations of these. In some embodiments, pharmaceutical compositions can be prepared in a
lyophilized form. The lyophilized preparations can comprise a cryoprotectant known in the art. The term
“cryoprotectants” as used herein generally includes agents, which provide stability to the protein from
freezing-induced stresses. Examples of cryoprotectants include polyols such as, for example, mannitol, and
include saccharides such as, for example, sucrose, as well as including surfactants such as, for example,

polysorbate, poloxamer or polyethylene glycol, and the like. Cryoprotectants also contribute to the tonicity of
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the formulations. Pharmaceutically suitable surfactants, suspending agents, emulsifying agents, may be added
for oral or par- enteral administration.

[0581] As noted above, suspensions may include oils. Such oils include, but are not limited to, peanut oil,
sesame oil, cottonseed oil, corn oil and olive oil. Suspension preparation may also contain esters of fatty acids
such as ethyl oleate, isopropyl myristate, fatty acid glycerides and acetylated fatty acid glycerides. Suspension
formulations may include alcohols, such as, but not limited to, ethanol, iso- propyl alcohol, hexadecyl alcohol,
glycerol and propylene glycol. Ethers, such as but not limited to, poly(ethyleneglycol), petroleum
hydrocarbons such as mineral oil and petrolatum; and water may also be used in suspension formulations.
[0582] For nasal administration, the pharmaceutical formulations and medicaments may be a spray or aerosol
containing an appropriate solvent(s) and optionally other compounds such as, but not limited to, stabilizers,
antimicrobial agents, antioxidants, pH modifiers, surfactants, bio- availability modifiers and combinations of
these. A propellant for an aerosol formulation may include compressed air, nitrogen, carbon dioxide, or a
hydrocarbon based low boiling solvent.

[0583] Injectable dosage forms generally include aqueous suspensions or oil suspensions which may be
prepared using a suitable dispersant or wetting agent and a suspending agent. Injectable forms may be in
solution phase or in the form of a suspension, which is prepared with a solvent or diluent. Acceptable solvents
or vehicles include sterilized water, Ringer's solution, or an isotonic aqueous saline solution. Alternatively,
sterile oils may be employed as solvents or suspending agents. Preferably, the oil or fatty acid is non-volatile,
including natural or synthetic oils, fatty acids, mono-, di- or tri-glycerides.

[0584] For injection, the pharmaceutical formulation and/ or medicament may be a powder suitable for
reconstitution with an appropriate solution as described above. Examples of these include, but are not limited
to, freeze dried, rotary dried or spray dried powders, amorphous powders, granules, precipitates, or
particulates. For injection, the formulations may optionally contain stabilizers, pH modifiers, surfactants,
bioavailability modifiers and combinations of these.

[0585] For rectal administration, the pharmaceutical formulations and medicaments may be in the form of a
suppository, an ointment, an enema, a tablet or a cream for release of compound in the intestines, sigmoid
flexure and/or rectum. Rectal suppositories are prepared by mixing one or more compounds of the instant
invention, or pharmaceutically acceptable salts or tautomers of the compound, with acceptable vehicles, for
example, cocoa butter or polyethylene glycol, which is present in a solid phase at normal storing
temperatures, and present in a liquid phase at those temperatures suitable to release a drug inside the body,
such as in the rectum. Oils may also be employed in the preparation of formulations of the soft gelatin type
and suppositories. Water, saline, aqueous dextrose and related sugar solutions, and glycerols may be

employed in the preparation of suspension formulations which may also contain suspending agents such as
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pectins, carbomers, methyl cellulose, hydroxypropyl cellulose or carboxymethyl cellulose, as well as buffers
and preservatives.

[0586] The concentration of an antibody or an antigen binding fragment thereof in these compositions can
vary widely, i.e., from less than about 10%, usually at least about 25% to as much as 75% or 90% by weight
and will be selected primarily by fluid volumes, viscosities, etc., in accordance with the particular mode of
administration selected. Actual methods for preparing orally, topically and parenterally administrable
compositions will be known or apparent to those skilled in the art and are described in detail in, for example,
Remington's Pharmaceutical Science, 19th ed., Mack Publishing Co., Easton, Pa. (1995), which is
incorporated herein by reference.

[0587] In another embodiment of the invention, an article of manufacture containing materials useful for the
treatment of the diseases, disorders or conditions described above is provided, including for treatment of
cancer. The article of manufacture comprises a container and a label. Suitable containers include, for example,
bottles, vials, syringes, and test tubes. The containers may be formed from a variety of materials such as glass
or plastic. The container holds a composition which is effective for treating the condition and may have a
sterile access port (for example the container may be an intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needle). The active agent in the composition is the antibody of the
invention. The label on or associated with, the container indicates that the composition is used for treating the
condition of choice. The article of manufacture may further comprise a second container comprising a
pharmaceutically- acceptable buffer, such as phosphate-buffered saline, Ringer's solution and dextrose
solution. It may further include other materials desirable from a commercial and user stand- point, including
other buffers, diluents, filters, needles, syringes, and package inserts with instructions for use. Pharmaceutical

compositions and medicaments described herein are useful in treating a cancerous disease.
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Diagnostic and other Uses

[0588] Provided herein are methods of using the antibodies for detection, diagnosis and monitoring of a
disease, disorder or condition associated with the antigen expression (either increased or decreased relative
to a normal sample, and/or inappropriate expression, such as presence of expression in tissues(s) and/or
cell(s) that normally lack the epitope expression). Provided herein are methods of determining whether a
patient will respond to antibody therapy.

[0589] In some embodiments, the method comprises detecting whether the patient has cells that express
target antigen using an antibody disclosed herein. In some embodiments, the method of detection comprises
contacting the sample with an antibody or antigen binding fragment thereof of the disclosure, and
determining whether the level of binding differs from that of a reference or comparison sample (such as a
control). In some embodiments, the method may be useful to determine whether the antibodies or
polypeptides described herein are an appropriate treatment for the subject.

[0590] In some embodiments, the cells or cell/tissue lysate are contacted with an antibody and the binding
between the antibody and the cell is determined. When the test cells show binding activity as compared to a
reference cell of the same tissue type, it may indicate that the subject would benefit from treatment with an
antibody. In some embodiments, the test cells are from human tissues. In some embodiments, the test cells
are from human blood.

[0591] Various methods known in the art for detecting specific antibody-antigen binding can be used.
Exemplary immunoassays which can be conducted include fluorescence polarization immunoassay (FPIA),
fluorescence immunoassay (FIA), enzyme immunoassay (EIA), nephelometric inhibition immunoassay
(NIA), enzyme linked immunosorbent assay (ELISA), and radioimmunoassay (RIA). An indicator moiety,
or label group, can be attached to the subject antibodies and is selected so as to meet the needs of various
uses of the method which are often dictated by the availability of assay equipment and compatible
immunoassay procedures.

[0592] Appropriate labels include, without limitation, radionuclides (for example 1251, 1311, 35S, 3H, or
32P), enzymes (for example, alkaline phosphatase, horseradish peroxidase, luciferase, or - glactosidase),
fluorescent moieties or proteins (for example, fluorescein, rhodamine, phycoerythrin, GFP, or BFP), or
luminescent moieties (for example, QdotTM nanoparticles supplied by the Quantum Dot Corporation, Palo
Alto, Calif.). General techniques to be used in performing the various immunoassays noted above are known
to those of ordinary skill in the art.

[0593] For purposes of diagnosis, the antibodies or antigen binding fragment thereof can be labeled with a
detectable moiety including but not limited to radioisotopes, fluorescent labels, and various enzyme-

substrate labels know in the art. Methods of conjugating labels to an antibody are known in the art.
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[0594] In some embodiments, the antibodies need not be labeled, and the presence thereof can be detected
using a second labeled antibody which binds to the first antibody. The antibodies or antigen binding
fragment thereof of the present invention may be used as affinity purification agents for a cancer associated
antigen or in diagnostic assays for a cancer associated antigen protein, e.g., detecting its expression in
specific cells, tissues, or serum. The antibodies or antigen binding fragment thereof, disclosed herein, may
also be used for in vivo diagnostic assays. Generally, for these purposes the antibody is labeled with a
radionuclide (such as ulln, 99Tc, 14C, 1311, 12sl, 3H, 32p or 3sS) so that the tumor can be localized using
immunoscintiography.

[0595] The antibodies of the present invention may be employed in any known assay method, such as
competitive binding assays, direct and indirect sandwich assays, such as ELISAs, and immunoprecipitation
assays. Zola, Monoclonal Antibodies: A Manual of Techniques, pp. 147-158 (CRC Press, Inc. 1987). The
antibodies may also be used for immunohistochemistry, to label tumor samples using methods known in the
art. As a matter of convenience, the antibody of the present invention can be provided in a kit, i.e., a
packaged combination of reagents in predetermined amounts with instructions for performing the diagnostic
assay. Where the antibody is labeled with an enzyme, the kit will include substrates and cofactors required
by the enzyme (e.g., a substrate precursor which provides the detectable chromophore or fluorophore). In
addition, other additives may be included such as stabilizers, buffers (e.g., a block buffer or lysis buffer) and
the like. The relative amounts of the various reagents may be varied widely to provide for concentrations in
solution of the reagents which substantially optimize the sensitivity of the assay. Particularly, the reagents
may be provided as dry powders, usually lyophilized, including excipients which on dissolution will provide

a reagent solution having the appropriate concentration.

Kits

[0596] Provided herein are also kits, medicines, compositions, and unit dosage forms for use in any of the
methods described herein. Provided herein is a kit comprising a therapeutically effective amount of at least
one of the IgA antibody or antigen binding fragment thereof disclosed herein. In some embodiments, the kit
further comprises a second therapeutic agent (e.g., a chemotherapeutic agent). In some embodiments, the
antibody or antigen binding fragment thereof is an aqueous form or a lyophilized form. The kit further
comprises a diluent or a reconstitution solution.

[0597] Kits can include one or more containers comprising an antibody (or unit dosage forms and/or articles
of manufacture). In some embodiments, a unit dosage is provided wherein the unit dosage contains a
predetermined amount of a composition comprising an antibody (e.g., a therapeutically effective amount),
with or without one or more additional agents. In some embodiments, such a unit dosage is supplied in

single-use prefilled syringe for injection. In some embodiments, the composition comprising the antibody or
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antigen binding fragment thereof can comprise saline, sucrose, or the like; a buffer, such as phosphate, or the
like; and/or be formulated within a stable and effective pH range. In some embodiments, the antibody or
antigen binding fragment thereof can be provided as a lyophilized powder that may be reconstituted upon
addition of an appropriate liquid, for example, sterile water. In some embodiments, the antibody or antigen
binding fragment thereof further comprises one or more substances that inhibit protein aggregation,
including, but not limited to, sucrose and arginine. In some embodiments, the antibody or antigen binding
fragment thereof further comprises heparin and/or a proteoglycan.

[0598] In some embodiments, kits further comprise instructions for use in the treatment of cancer in
accordance with any of the methods described herein. The kit may further comprise a description of
selection an individual suitable or treatment. Instructions supplied in the kits are typically written
instructions on a label or package insert (for example, a paper sheet included in the kit), but machine-
readable instructions (for example, instructions carried on a magnetic or optical storage disk) are also
acceptable. In some embodiments, the kit further comprises another therapeutic agent (e.g., an anti-cancer
antibody or a chemotherapeutic agent)

[0599] The kits are in suitable packaging. Suitable packaging includes, but is not limited to, vials, bottles,
jars, flexible packaging (for example, sealed Mylar or plastic bags), and the like. Kits may optionally
provide additional components such as buffers and interpretative information. The present application thus
also provides articles of manufacture, which include vials (such as sealed vials), bottles, jars, flexible

packaging, and the like.

EXAMPLES
Example 1. Engineered Therapeutic IgA Antibodies
[0600] A first wild type IgA2 antibody was engineered to incorporate the following amino acid
substitutions and deletions: N45.2G, P124R, C86S, N114T, I115L, T116S, deletion of C147, and deletion
of Y148, numbering according to IMGT scheme.
[0601] A second wild type IgA2 antibody was engineered to mutate the asparagine at position 135 to a
glutamine. The N135Q mutation deletes an N-glycosylation site of the IgA2 antibody. The N135Q mutation
can be combined with additional mutations of N45.2G, P124R, C86S, N114T, I115L, T116S, deletion of
C147, and deletion of Y148, numbering according to IMGT scheme.
[0602] A third wild type IgA2 antibody was engineered to delete the entire tail piece, amino acids 131-148
(PTHINVSVVMAEADGTCY) (SEQ ID NO: 9). The N135 N-glycosylation site of the [gA2 antibody. The
tail piece deletion can be combined with additional mutations of N45.2G, P124R, C86S, N114T, 1115L, and
T116S, numbering according to IMGT scheme.
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[0603] Table 1 details a comparison of the percent identity, percent positives, gaps, and total length of wild
type IgA2 (IgA2_Valerius_hgnc_id=HGNC:5479); an engineered IgA2 antibody comprising the following
amino acid substitutions and deletion: N45.2G, P124R, C86S, N114T, I1115L, T116S, deletion of C147, and
deletion of Y148 (IgA2 - 2.0) (numbering according to IMGT scheme); an engineered IgA2 antibody
described herein comprising a N135Q mutation (IgA3.0 glycosylation mutated hgnc id=HGNC:5470); an
engineered IgA2 antibody described herein comprising a deletion of the tail piece amino acids 131-148
(IgA2 - 3.0_tailpiece_del_); IgA2 (trl AOAOG2JIMB2 IAOA0G2JMB2 HUMAN); IgA2
(splP01877IIGHA2_HUMAN); and IgA2 (tr IAOA286YEYS IAOA286YEYS5 HUMAN).

[0604] Table 1. Comparison of Engineered Antibody Amino Acid Sequences

Mame Alternative | Identities (36) | Positives {%} Gaps | Total
name length

IgAZ_Valerius_hgne_id= 100 100 { 340

HGNC5479:

IgA2-2.0 332/338(98%) | 334/338(98%) |C 338

IgAZ - 3.0 IgA3.0+ 331/338(98%) | 333/338(98%) |0 338

glycosylation_mutated _

hgne_id=HGNC5479

IgA2 - 3.0 _tailpiece_del_ | IgA3.0min 316/322(98%) | 318/322(98%) | O 322

IgA4.0_NG 315/322(98%) | 317/322(98%) |0 322

IgAd.0 NQ 315/322{98%) | 317/322(%8%) |G 322

IgA4G NT 315/322{98%) | 317/322(98%) |0 322

IgA4.0_NLT-TIS 313/322(97%) | 317/322(98%) | ¢ 322

tr|ADADG2IMBZ|AOALG 100 100 0O 340

2IMB2_HUMAN

sp{PCL877IGHAZ_HUM 333/340 (98%) | 337/340(99%) | O 340

AN

tr|ADAZEBYEYS|ACAZ86 316/321(98%) | 319/321(8%%) |0 3581

YEYS HUMAN

Example 2 Engineered IgA variants

[0605] Protein glycosylation plays a major role in function and serum half-life of an antibody in circulation.
Incomplete glycosylation of IgA leads to clearance by dedicated receptors. The main receptor for the
internalization of incompletely glycosylated proteins is the asialoglycoprotein receptor (ASGRP1). This
receptor recognizes terminal galactose on N-glycosylated proteins, and is an important mediator of IgA
clearance from serum. The IgA2(m1) antibody has a complicated N-linked glycosylation pattern formed by a
total of 4 N-linked glycosylation sites (CH1-N45.2, CH2-N15.2, CH2-N114, CH3_CHS-N135). To enhance

half-life of IgA2(m1) critical N-glycosylation motifs have been engineered to only contain either a single N-
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glycosylation motif or none at all. A single N-linked glycosylation site resulted in a more complete
glycosylation profile increasing half-life and subsequently less antibody clearance. Yet, a fully aglycosylated
IgA will not be subjected to glycosylation-dependent clearance at all, considerably augmenting half-life.
Moreover, this aglycosylated variant will allow production in lower organisms, significantly increasing
yields and reducing manufacturing costs. Hence, single- or non-glycosylated antibodies will simplify

biopharmaceutical manufacturing and be an ideal candidate for therapeutic purposes.

Design of engineered IgA variants

[0606] The genetic sequence of the IgA2(m1) heavy chain was the backbone for IgA engineering and N-
linked glycosylation motifs were silenced, and stabilizing mutations were introduced (Table 2; FIGs. 4A-
4D). This resulted in a series of molecules: IgA3.0-(min), IgA3.0+(plus) and 1gA4.0.

IgA3.0+variants

[0607] The IgA3.0+ molecule was modified to allow for covalent binding between the heavy- and light-
chain by the CH1-P124R mutation. Two Cysteine residues were modified or removed (CH2-C86S;
CH3_CHS-C147del_Y148del) to prevent the formation of cysteine bridges with serum proteins, preventing
dimeric aggregates and/or complex formation. Furthermore, three N-linked glycosylation motifs were
silenced, by substitution of critical amino acids in these motifs (CH1-N45.2G; CH2-N114T; CH3_CHS-
N135Q).

IgA3.0- or IgA3.0min variants

[0608] The IgA3.0min molecule contains the same mutations as the CH1 and CH2 in IgA3.0+, but in
contrast to IgA3.0+, in IgA3.0min almost the entire tailpiece was deleted (CH3_CHS-P131-Y148del).

IgA4.0 variant or aglycosylated variant

[0609] The IgA4.0 molecules were created by silencing the only remaining N-linked glycosylation motif
(CH2-N15.2) by 4 separate amino acid substitutions, thereby creating 4 fully aglycosylated IgA2 molecules.

Table 2 lists the mutations in engineered IgA variants; IgA3.0+, IgA3.0min, and IgA4.0 relative to the wild
type (WT) IgA2(m1)



WO 2020/197400 PCT/NL2020/050217
152
Domain | Modification | Description IgA2 I2A3.0 | IgA3.0
IgA4.0
(m1) + min
CH1 N45.2G Remove N-linked
X v v v
glycosylation motif
P124R Covalent heavy-/light-chain
X v v v
interaction
CH2 N15.2G Remove N-linked
X X X v
glycosylation motif
N15.2Q Remove N-linked
X X X v
glycosylation motif
N15.2T Remove N-linked
glycosylation motif
L15.31 Remove N-linked
) ) X X X v
glycosylation motif
T16S Remove N-linked
glycosylation motif
C86S Prevent cysteine bridging X 4 4 v
N114T Remove N-linked
glycosylation motif
I115L Remove N-linked
X v v v
glycosylation motif
T116S Remove N-linked
glycosylation motif
CH3- N135Q Remove N-linked
X v X X
CHS glycosylation motif
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Cl147del Deletion preventing cysteine
X v X X
bridging
Y148del Deletion X v X X
P131-Y148del | Deletion tailpiece X X v v

Example 3

Methods

Cloning IgA3.0/1gA4.0

[0610] To clone the IgA3.0+ and IgA3.0min molecules, synthetic DNA covering the entire constant region
of IgA3.0 (CH1-CH2-CH3-CHS) was ordered (Baseclear, Leiden NL) and cloned in the pEE14.4 vector,
replacing the IgA2(m1) sequence. In some cases of IgA3.0min molecules, gBlocks (IDT) covering both the
variable and constant regions of IgA3.0min (VH-CH1-CH2-CH3-CHS) were cloned into the pcDNA3.4
vector. Based on the IgA3.0min vector, IgA4.0 molecules were cloned by replacing the CH1-CH2-CH3-CHS
region of IgA3.0min in the pcDNA3.4 vector with gBlocks (IDT) containing the proper mutations for
IgA4.0.

Production

[0611] For the production of the IgA3.0+ and IgA3.0min HEK293F cells (Thermo Fisher) were used
according to the manufacturer’s instructions. For DNA complexing, separate vectors for IgA3.0 + or
IgA3.0min heavy chain (HC), along with vectors for kappa light chain (LC) and pAdvantage (pAdyv;
Promega) were mixed in optimal HC:LC:pAdy ratios and complexed with 293fectin prior to transfection.
[0612] For the production of the IgA3.0min and IgA4.0 ExpiCHO-S cells (Thermo Fisher) were used
according to manufacturer’s instructions. For DNA complexing, separate vectors for IgA3.0+or IgA3.0min
or IgA4.0 heavy chain, along with vectors for kappa light chain and pAdvantage (Promega) were mixed in

optimal HC:LC:pAdv ratios and complexed with Expifectamine prior to transfection.

Purification

[0613] The procedure for the purification of IgA was identical for all IgA variants, and is performed by
capturing kappa light chains from clarified and filtered cell culture supernatant using FPCL with a HiTrap
KappaSelect column (GE Healthcare), followed by a separation by a Size Exclusion Chromatography
procedure using a HiPrep 26/60 Sephacryl S-300 HR column.
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Binding assays

[0614] To determine binding of the engineered antibodies, both the binding of the variable portion and the
Fc portion was assessed.

[0615] Clarified supernatants of IgA3.0min-Obinituzumab (IgA3.0min-Obi) or IgA3.0+- Obinituzumab
(IgA3.0+ -Obi) from HEK293F productions were tested on CD20-expressing Daudi cells in a FACS binding
experiment. Clarified supernatants of Obinituzumab-IgA4.0 from ExpiCHO-S productions were used
undiluted in a FACS binding experiment.

[0616] In short, supernatants were incubated with Daudi cells for 1 hour on ice. After washing, cells were
incubated with PE-labeled anti-IgA antibody (Southern Biotech) for 45 minutes. After washing cells were
fixed with PFA and measured on a Canto II (BD). CD20 recognizing control antibodies were added at
concentration of 5-10ug/mL.

[0617] To determine whether the antibody Fc-region is able to bind to FcaR, IgA2(m1) and IgA3.0min-Obi
(25pg/mL) were coated overnight in an ELISA plate in carbonate buffer pH9.0. Plates were blocked with 1%
BSA after which CD89-expressing Calcein-labeled healthy donor polymorphonuclear neutrophils (PMN)
were allowed to bind the plate for 45 minutes at 37°C. Subsequently, after every two washing steps, binding
was determined by comparing the remaining signal to the input signal (no wash). An additional control to
determine if coating concentrations were equal, was performed by staining an ELISA plate overnight with
serially diluted IgA2(m1) and IgA3.0min antibody after which their presence was detected with anti-hIgA-
HRP (Southern Biotech).

ADCC

[0618] Target cells were loaded with 51Cr (Perkin-Elmer), washed twice and incubated with serially diluted
IgA antibodies and healthy donor PMN’s for 4 hours. Chromium release was measured in the supernatant
and specific lysis was calculated using following the formula: ((experimental cpm — basal cpm) / (maximal
cpm — basal cpm)) x 100, with maximal lysis determined by incubating labelled cells with 1.25% triton and
minimal lysis in the absence of antibodies and effector cells. In the case of IgA4.0, undiluted supernatants of

ExpiCHO-S productions were assessed.

Thermostability

[0619] Thermal stability was analyzed in thermal shift assay using Sypro Orange (Life Technologies). A
total of 12,5 pg of antibody diluted in 25puL PBS and 3x SYPRO Orange (final concentration) was
transferred to a white 96-well thin-wall PCR plate (Roche) and sealed with Optical-Quality Sealing Tape
(Roche). Plates were heated in a ViiA7 (Roche) from 37°C to 99°C with a heat-rate of 1.6°C/second and 1
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minute incubation at each degree. Fluorescence was recorded simultaneously using 490 and 575 nm as
excitation and emission wavelengths, respectively.

[0620] To assess functionality of destabilized IgA molecules, antibodies in PBS were incubated at different
temperatures (4°C, 23°C-95°C in incremental steps of 12°C) for 5 minutes in a thermal cycler. After
incubation complete medium was added and antibodies were used directly in an ADCC at a final

concentration of 10pg/mL.

Glycosylation analysis

[0621] PNGase F treatments were performed according to manufacturer’s instructions (NEB). In short,
antibodies were first denatured for 10 minutes at 100°C, and subsequently NP-40, Glycobuffer and PNGase
F enzyme were added and incubated for 1 hour at 37°C. Samples were taken in Laemmli buffer with 20mM
DTT and run on a 10% Mini Protean TGX SDS-PAGE (Bio-Rad). Gels were stained with InstantBlue
(Expedeon) for 10 minutes, and rinsed with water.

[0622] Glycan identification and quantification was determined by mass spectrometry. For the Her2-
IgA2(ml) areflectron positive mode MALDI-TOF-MS analysis of the released N-glycosylation of IgA2
antibodies after linkage-specific sialic acid derivatization was performed as described before (Meyer,
Nederend et al. 2015). For the IgA3.0min-Her2, IgA3.0min-Obi, and IgA4.0-Obi variants an LC/MS2
approach has been taken.

[0623] Antibodies were denatured, reduced, alkylated and proteolytically digested with GluC (Roche
(Indianapolis, IN)) and trypsin (Sigma-Aldrich (Steinheim, Germany)). For this, 10 ug of antibody was
brought to 100 mM Tris-HC1 (pH 8.5), 5 mM Tris(2-carboxyethyl)-phosphine (TCEP, Sigma-Aldrich
(Steinheim, Germany)), 30 mM chloroacetamide (CAA, Sigma-Aldrich (Steinheim, Germany)) and 1%
sodium deoxychelate (SDC, Sigma-Aldrich (Steinheim, Germany)), water (MQ) (generated from a Q-POD
or Q-Gard 1 system (Millipore), operated at > 18.2 MQ). This mixture was incubated for 4 h at 37 °C with
GluC with an enzyme:protein ratio of 1:75 w/w, followed by an overnight incubation at 37 °C with trypsin
(1:100 w/w). Hereafter, the SDC was precipitated by bringing the samples to 0.5% trifluoric acid (TFA,
Sigma-Aldrich (Steinheim, Germany)) and centrifugation at maximum speed for 10 min. The supernatant
was collected for solid-phase extraction (SPE).

[0624] For SPE, the use of an Qasis pElution HLB 96-well plate (Waters, Wexford, Ireland) positioned on a
vacuum manifold was made. The plate was conditioned with acetonitrile (ACN, BioSolve Valkenswaard,
The Netherlands) equilibrated with 0.5% TFA, loaded with the supernatant, washed with 0.5% TFA, and
peptides were finally eluted with 50% ACN 0.5% TFA. The recovered eluate was dried by means of rotary

evaporation, and reconstituted in 2% formic acid for subsequent LC-MS2 analysis.
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[0625] For each of the digested and desalted samples, 100 ng was analyzed by use of an Agilent 1290
Infinity HPLC system (Agilent Technologies, Waldbronn, Germany), equipped with flow-splitter to achieve
nanoflow, hyphenated to an Orbitrap Fusion Tribrid mass spectrometer (Thermo Fisher Scientific, Bremen,
Germany). The samples were separated on a 2 cm trap column (100 um inner diameter, packed with 3 um
ReproSil-Pur C18-AQ; Dr. Maisch GmbH, Ammerbuch-Entringen, German) coupled to a 50 cm analytical
column (50 pm inner diameter, packed with 2.7 um Poroshell 120 EC-C18; Agilent Technologies,
Amstelveen, The Netherlands). Buffer A consisted of 0.1% formic acid, buffer B of 0.1% formic acid in 80%
ACN. The LC gradient was as follows: 0-5 min: 100% A (the rest being B), 5-53 min: 87% A to 60% A, 53-
58 min 0% A, 58-65 min 100% A.

[0626] Mass spectrometry was performed in positive ion mode, with electrospray ionization from a coated
fused silica emitter at 2 kV spray voltage. Each sample was measured in triplicate, using the same MS1
acquisition methods, but different MS2 methods. For the MS1 scans, the mass range was set from m/z 350 to
2000 with a resolution of 60,000, an AGC target of 400,000 with maximum injection time of 50 ms. Each of
the three MS2 methods initiated HCD fragmentation (30% normalized collision energy; NCE) on the highest
charge state, lowest m/z signals within a 3 s cycle time, using an exclusion time of 30 s. MS2 by HCD was
recorded with a resolution of 30,000 from m/z 120 to 4000, with an AGC target of 50,000 and a maximum
injection time of 50 ms. For MS2 method 1, only HCD fragmentation was performed. For MS2 method 2, the
detection of at least 3 oxonium ions (Hex: 127.0390, 145.0495, 163.0601; HexNAc: 138.0550, 168.0655,
186.0761, 204.0867; PhosphoHex: 243.0264; NeuAc: 274.0921, 292.1027; Complex: 366.1395, 405.0793,
407.1660, 512.1974, 657.2349) within the HCD spectrum triggered stepping-HCD on the same precursor
signal, combining the HCD fragments with NCEs of 10%, 25% and 40%. Stepping-HCD was recorded with
a resolution of 30,000 from m/z 120 to 4000, with an AGC target of 200,000 and a maximum injection time
of 250 ms For MS2 method 3, detection of the oxonium ions triggered EThcD (30% supplemental
activation), which was recorded with a resolution of 30,000 from m/z 120 to 4000, with an AGC target of
200,000 and a maximum injection time of 250 ms.

[0627] Bottom-up data was interpreted with Byonic v3.3.11 (Protein Metrics Inc.). Raw data was searched
with C-terminal cleavage sites at Arg and Lys (trypsin), and Glu and Asp (GIuC). 3 missed cleavages were
allowed, using a precursor mass tolerance of 10 ppm and fragment mass tolerance of 20 ppm. Cys
carbamidomethylation was included as fixed modification and Met oxidation as variable modification. For
N-glycosylation 279 compositions were included following the pathways for N-glycan biosynthesis.

[0628] Skyline (v3.7.0.11317) was used to perform relative quantification. For this, each of the peptides
found glycosylated by Byonic were integrated, which included all major miscleavages and oxidation variants.
For each of these, the aforementioned 279 glycan compositions were integrated from each LC-MS2 run.

Integrations obtained as such were subsequently curated to adhere to the following criteria: 1) <5 ppm error
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to the theoretical mass, 2) having an idotp of > 0.85 with the theoretical isotopic pattern, 3) eluting within + 2
min of the mean retention time for that peptide, 4) having no apparent overlapping isotopic patterns. The
resulting list of glycopeptides was in agreement with the annotation by Byonic, and further used for relative
quantification. For each of the curated peptide glycoforms, the MS1 areas were integrated and peptides
informing on the same N-glycosylation site combined. As alternative way of quantification, the number of
peptide spectrum matches (PSMs) was counted for each glycopeptide combination that informed on a given
glycosylation site.

[0629] For visualization of glycan species, the recommendations of the Consortium for Functional
Glycomics were followed. Glycan cartoons were constructed using GlycoWorkbench (v2.1 build 146). For
native MS analysis antibodies were buffer exchanged to 150 mM ammonium acetate pH 7.5, using a
Vivaspin 500 30 kDa molecular weight cut-off filter (Sartorius Stedim Biotech, Germany) by 10x 15 min
centrifugation at 15.000 x g. Following buffer exchange, the antibodies were adjusted to an approximate
concentration of 3 uM with 150 mM ammonium acetate pH 7.5.

[0630] Native MS was performed on a modified Exactive Plus Orbitrap instrument with extended mass
range (EMR) (Thermo Fisher Scientific, Bremen), calibrated using a 25 mg/mL CsI solution. Voltage
settings of the transport multipoles and ion lenses were manually optimized to provide good transmission at
the required m/z range. Electrospray ionization was achieved from a gold-coated glass capillary, employing a
capillary voltage of 1.2 kV, while the MS was operated with a source fragmentation of 80 V, a source
temperature of 250 °C, a collision energy of 80 V, and a resolution of 35000 at m/z 200. Desolvation of
molecules was further achieved by addition of nitrogen to the HCD cell to reach a gas pressure of
approximately 3.7x10-10 bar. Masses were calculated from the charge state distributions by fitting the

charges to the lowest standard deviation on the mass (typically resulting in mass errors lower than 1 Da).

Pharmacokinetic/Pharmacodynamic studies
[0631] For pharmacokinetics/pharmacodynamics of IgA BALB/cByJ mice (Jackson Laboratory) were
injected i.v. with 100ug (1mg/mL) of antibody. Blood was collected at the indicated time points, centrifuged

to separate and collect serum. ELISAs were performed on diluted serum.

Biodistribution

[0632] Antibodies were conjugated to a chelator prior to radio-labeling. Antibody was spun through a 30
kDa centrifugal filter at 12,000 g for 8min. Subsequently, 500 uL of 0.1 M sodium bicarbonate (pH 8.2) was
added to the centrifugal filter and spun again at 12,000 g for 8 min. The centrifugal filter was inverted into a
new tube and centrifuged at 1,000 g for 2 min, yielding about 40 uL to which 60uL of sodium bicarbonate
buffer was added, resulting in 100 uL. A 20-fold molar excess of p-SCN-Bn-DTPA (2 mg/mL in dry DMSO
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(used 1 mg in 500 ul)) was added and vortexed for 30 sec, and incubated 1 hour at 37°C. Next, the BhDTPA-
IgG1-dinutximab or BnDTPA-IgA3.0min-dinutximab conjugate was run through a G50 column, eluting with
0.5 M MES buffer (pH 5.4) in 100 puL fractions for 12 fractions. The 5 most concentrated fractions were
pooled and spun through a 30 kDa centrifugal filter at 12,000 g for 8mins. A volume of 500 uL. 0.5 M MES
buffer (pH 5.4) was added to the centrifugal filter and centrifuged for further 8 min at 12,300 g. The
centrifugal filter was inverted into a new microcentrifuge tube and centrifuged at 1,000 g for 2 min. Protein
concentration was measured by Nanodrop.

[0633] To radiolabel the antibody 150uL Indium solution (55.5 MBq) was added to 150ug antibody in MES
buffer in a microcentrifuge tube and incubated for 45mins at room temperature. The reaction mixture was run
through a G50 column, and eluted with PBS (pH 7.4). Sample is collected in a microcentrifuge tube in 100
pL fractions (3drops) for 16 fractions, activity is checked and highest fractions were combined.

[0634] To check purity of the radiolabeled antibody by an iTLC strip, a total of 2 uL of the reaction mixture
was pipetted onto the iTLC and dried for 2 minutes. A volume of 0.1 M citrate buffer was added to
measurement cylinder covering the bottom. The iTLC strip was placed into measurement cylinder and
allowed to draw the citrate buffer up until it is about 1 cm from the top. The strip was removed and scanned

using radio-TLC.

In vivo i.p model

[0635] Mice were maintained in the animal facility of the University of Utrecht. Experiments were
conducted using female hCD89 Tg or hCD89 NTg mice backcrossed on a CB17/ ler-Prkdescid/lcrlcocrl
(Charles river) background. Mice were housed in groups of 5 under a 12:12 light dark cycle, with food and
water available ad libitum. All experiments were performed in accordance with international guidelines and
approved by the national Central Authority for Scientific Procedures on Animals (CCD) and the local
experimental animal welfare body.

[0636] An amount of 1x10e5 A431-Luc2-Her2 cells was injected i.p. on day O followed by a s.c. injection
with 20ug pegG-CSF (Amgen) on day 6. Bioluminescence (BLI) signal was measured on a U-OI system
(MiLabs) 10 minutes after i.p. injection of 2.5mg Luciferin (Promega) in PBS. On day 6 mice were
randomized into the different treatment groups. Treatment started on day 7 with daily i.p. injections of 10ug
IgA3.0min-Her2 for 10 days. BLI signal was measured on the indicated time points.

Example 4

Results

[0637] Plasmids encoding IgA2, IgA3.0min, IgA3.0+, and IgA4.0 molecules against various targets were
transfected in HEK293F and/or ExpiCHO-S cells. The IgA3.0min-C47A8-CQ antibody was expressed to
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similar or better levels as wild type IgA2(m1)-Her2 as shown in FIGs.5A-5B, where different HC:LC:pAdv
ratios have been tested in HEK293F cells. This also holds true for IgA3.0+.

[0638] As a comparison between production cell lines, IgA3.0- molecules (e.g, I2A3.0min-Obi, IgA3.0min-
Her2, IgA3.0min-mCTLA4, targeting three different antigens CD20, Her2, and mCTLA4 respectively) have
been produced in both HEK293F and ExpiCHO-S cells FIGs.6A-6C. Expression levels of IgA3.0min
molecules were higher in ExpiCHO-S cells, where they reached almost 1g/L as determined by sandwich
ELISA on supernatants. In addition, different IgA3.0min molecules (IgA3.0min-ch14.18, IgA3.0min-TA99,
IgA3.0min-Her2, IgA3.0min-Obi, targeting various antigens GD2, gp75, Her2, CD20 respectively have been
produced successfully in ExpiCHO-S cells (FIGs. 7A-7D). These data indicate that engineered IgA3.0min
and IgA3.0+ variants were expressed properly, independent of production system choice.

[0639] Also, all the four aglycosylated IgA4.0 variants expressed in ExpiCHO-S cells showed similar
expression levels as IgA3.0min antibodies (FIGs. 8A-8D). This indicates that none of the introduced
mutations prevent expression of engineered IgA4.0 variants, and that a fully aglycosylated IgA antibody was
properly expressed.

[0640] Subsequent kappa light chain dependent purification of IgA3.0min variants; IgA3.0min-Obi, (FIGs.
9A-9B)) and IgA3.0min-Her2 (FIGs. 10A-10B) followed by their respective SEC separation (FIGs. 9C-9D
for IgA3.0min-Obi, and FIGs. 10C-10D demonstrating IgA3.0min-Her2, revealed no aggregates that are
normally seen with wild type IgA2(m1) due to cysteine in the tailpiece. By removing this cysteine (IgA3.0+)
or the entire tailpiece (IgA3.0min) no aggregation occurred. Likewise, no aggregate formation was observed
in the SEC separation of IgA4.0 variant; IgA4.0-Obi (FIGs. 11A-11B), which like IgA3.0min variants also
lacks the tailpiece.

[0641] Next, the binding capacities of the IgA3.0+-Obi and IgA3.0min-Obi molecules was determined by
flow cytometry on Daudi cells. As expected, both the IgA3.0+-Obi as well as the IgA3.0min-Obi antibodies
were able to bind to CD20 on Daudi cells, indicating their Fab fragments were properly folded (FIGs. 12A-
12E). Next, to assess whether the fully aglycosylated IgA4.0 variants were also still able to bind target
antigen, a flow cytometric assay was performed using CD20 complemented SKBR3 cells (FIG. 15). These
FACS binding data indicated engineered IgA4.0 variants (IgA4.0_NT-Obi, IgA4.0_NQ-Obi, [gA4.0_NG-
Obi, IgA4.0_NG-Obi, and IgA4.0_NLT-TIS-Obi) bind CD20 as well as the engineered IgA3.0min
molecules, confirming the folding of the Fab regions are unaffected by the engineering.

[0642] To assess whether the Fc portion still retains the ability to bind FcaR, an IgA-FcaR binding assay
has been performed where neutrophils were allowed to bind IgA coated plates followed by a series of
washes. After a number of washes neutrophils were still capable of binding the IgA molecules, where

IgA3.0min-Obi show similar or better binding profiles than IgA2(m1) (FIG. 13). To ensure the amount of
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IgA molecules presented to the neutrophils was equivalent, an IgA detection step was executed indicating
equal concentrations of antibody of IgA2(m1) and IgA3.0min (FIG. 14).

[0643] To demonstrate engineered IgA molecules are functional and are able to induce PMN-mediated
ADCC, chromium release assays were performed. On SKBR3-CD20 cells the IgA3.0min-Her2 antibody was
able to induce ADCC as good as, or better than IgA2(m1)-Her2 (FIG. 16A). Moreover, IgA3.0min-Obi
antibodies produced in ExpiCHO-S cells induced ADCC in both Daudi and Ramos cells as efficient as with
HEK?293F-produced antibodies (FIGs. 16B-16C). Furthermore, the fully aglycosylated IgA4.0 variants
induced ADCC to similar levels as IgA3.0min-Obi (FIG. 16D), showing full functionality with regards to
killing. This is in stark contrast to aglycosylated IgG1 which functionality is severely compromised or
ablated (Jefferis 2009). These data indicate that, despite the modifications introduced for engineering IgA
variants, both IgA3.0min as well as IgA4.0 still retained their function in inducing ADCC.

[0644] In order to see whether the engineered IgA3.0min and IgA4.0 variants were more thermally stable, a
SYPRO thermal shift was executed. Antibodies were incubated in the presence of SYPRO Orange in a
thermal cycler slowly raising its temperature. When the protein unfolds, SYPRO Orange is able to bind
hydrophobic pockets and fluorescent signal can be detected. FIG. 17A shows the thermal stability profiles of
two wild type IgA2(m1) antibodies versus two engineered IgA3.0min molecules and four engineered IgA4.0
antibodies. The shift in the curves indicate [gA3.0min variants and IgA4.0 variants were more stable at
higher temperatures than wild type IgA2(m1). The Tm values calculated by a non-linear regression analysis
have been averaged for the different IgA molecules assessed (FIG. 17B). Both types of engineered IgA
variants (IgA3.0min and IgA4.0) show improved stability at higher temperatures compared to wild type
IgA2(ml).

[0645] To translate the observed stability into functionality anti-CD20 IgA antibodies; wild type IgA2 and
IgA3.0min-Obi were heated to certain temperatures and tested in a chromium release ADCC using Raji cells
(FIG. 17C). Signals were normalized to the control which was antibody incubated at 4°C. The killing
efficiency of thermally exposed antibodies differed between the wild type IgA2(m1) and engineered
IgA3.0min/IgA4.0 molecules. The first showing a decremental profile at exposure at 47°C or higher, while
the latter still showed over 50% activity after exposure 71°C. All activity of the three antibodies tested was
lost at temperatures higher than 83°C. This indicates that the stability of the antibodies is important in terms
of functionality, and the improved thermostability of the engineered IgA variants relative to wild type is
advantageous.

[0646] As the engineered IgA3.0min and IgA4.0 molecules have less or no sites for N-linked glycosylation
in comparison to wild type IgA2(m1), a PNGase F assay has been performed to visualize remaining N-
glycosylation (FIG. 18). For this, IgA molecules were treated with PNGase F which removes all N-linked

glycosylation by cleaving between the innermost GlcNac and asparagine. Subsequently, samples were run on
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areducing SDS-PAGE gel. As expected, the wild type IgA2(m1) (HEK293F-produced) shows a major shift
in molecular weight, due to the presence of four N-linked glycans, while the shift of IgA3.0min-Obi
(HEK293F-produced) is minor due to only as single glycosylation event. Yet, the aglycosylated IgA4.0
variants (ExpiCHO-S-produced) does not show a shift at all, indicating this antibody is not glycosylated.
[0647] To assess the glycosylation profiles in more detail, antibodies were analyzed by mass spectrometry.
The glycosylation profiles of Wild type IgA2(m1)-Her2 and IgA3.0min-Her2 (FIGs. 19A-19B) were
analyzed. Several N-glycan species were detected by MALDI-TOF-MS analysis in IgA2(m1)-Her?2 reflecting
the overall glycosylation on the four N-linked glycosylation motifs. Yet, the peaks of the IgA3.0min-Her2
profile obtained from a LC/MS2 analysis only came from the single N-linked glycosylation motif left, thus
also reflecting the overall glycosylation profile as no other sites have been modified. When comparing
antibodies from the HEK293F and ExpiCHO-S antibody production systems by LC/MS2 a substantial
difference in glycosylation profiles was observed (FIG. 19C). In ExpiCHO-S the majority (>50%) of the
glycosylated antibodies were terminated on bi-antennary GlcNac while the HEK293F showed a more diverse
array of glycosylation species of the hybrid or complex type. The unfavorable free galactoses were markedly
more present in the HEK293F-produced antibodies than in ExpiCHO-S-produced antibodies. These results
showed ExpiCHO-S-produced antibodies showed less heterogeneic glycosylation and will have better half-
life characteristics with regard to ASGPR-induced clearance. To determine whether glycosylation events
occur in IgA4.0 molecules a native MS approach was taken, analyzing full, undigested antibodies. All four
IgA4.0 variants the displayed a mass very close to the theoretical peptide backbone (FIGs.19D-19G). There
is a consistent loss of 36 Da amongst all four variants, which could not be attributed to N-glycan species, as
these are typically 1500-2500 Da per glycan. The observed mass difference is likely to be formation of two
pyroglutamates accounting for 36 Da. Thus, this analysis showed that the IgA4.0 antibody variants lack N-
glycans on their backbone, demonstrating that aglycosylated IgA antibodies are fully functional in in vitro
assays.

[0648] To determine whether the loss of glycosylation sites in engineered IgA3.0 variants and 1gA4.0
variants lead to a better half-life in serum, a pharmacokinetics study was set-up. BALB/c mice were i.v.
injected with 100ug antibody and analysed serum samples at the indicated timepoints by ELISA. Two
antibodies in different formats, dinutuximab and obinutzumab were assessed. Detected serum wild type
IgG1-Dinutuximab levels were higher than wild type IgA2-Dinutuximab levels which was rapidly cleared
(FIG. 20A). The difference in serum levels between IgA2 and IgA3.0min at 24 hours can be attributed to the
clearance by the ASGPR within the first hours after injection. This demonstrated that the distribution phase is
less pronounced in IgA3.0min, due to less N-glycosylation-dependent clearance by ASGPR. The data
showed an increased serum half-life was observed with the IgA3.0min- Dinutuximab antibodies as compared

to wild type IgA2- Dinutuximab. When assessing the serum half-life of Ig4.0-Obinutuzumab, a clear increase
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in serum half-life is observed compared to its IgA3.0min counterpart, IgA3.0min-Obinutuzumab (FIG. 20B).
This demonstrates that engineered IgA variants has extended serum-half life relative to their wild type
counterpart IgA and thus can leverage a similar effect on tumor using less antibody.

[0649] To define if the IgA3.0min antibody distributes to tumors, a biodistribution experiment was
performed where the antibodies were radiolabeled with 111Indium to monitor them in vivo. For this, GD2-
expressing IMR-32 neuroblastoma cells were subcutaneously injected in NSG mice. After 42 days of
outgrowth, mice were injected intravenously with radiolabeled wild type IgG1-dinutuximab and IgA3.0min-
dinutuximab. Mice were screened 24 and 48 hours after injection (FIGs. 21A-21B). Radioactive signal was
observed both in the liver and in the tumor, indicating antibodies infiltrate tumors. Liver signals represent
accumulated antibodies from the bloodstream that are being catabolized. By determining the tumor/liver ratio
the tumor-specific signal would be corrected for background. Initially after 24 hours the signals observed are
similar, but at 48 hours the IgA3.0min- Dinutuximab signal is more tumor-specific than its IgG1 counterpart
(FIG. 22).

[0650] Next the efficacy of IgA3.0min in vivo was determined. For this an established tumor model with
hCD89 transgenic and non-transgenic SCID was used (Brandsma, Ten Broeke et al. 2015). Mice were
injected i.p. with A431-luc2-Her2 cells. Once tumors were established, mice were treated by administering
either PBS or IgA3.0min-Her2 i.v. (FIG. 23). Tumor growth was monitored by BLI on the indicated time
points. Tumors showed exponential outgrowth in the PBS group. However, mice treated with IgA3.0min-
Her2 showed no outgrowth of tumor and control the cancer after 58 days, demonstrating the efficacy of
engineered IgA variants.

[0651] The results demonstrated that compared to wild type IgA2(m1) all engineered IgA variants; IgA3.0+,
IgA3.0min, and IgA4.0 show improved biopharmaceutical properties while still retaining their functionality.
Engineered IgA variants are expressed to high levels, and can be purified without aggregates, resulting in a
pure and more stable IgA antibody that still displays robust binding to target antigen and efficient killing of
target cells both in vitro as well as in vivo.

Table 3 lists exemplary amino acid sequences and nucleic acid sequences of the heavy chain constant region

of the engineered IgA variants

IgA SEQ | Amino acid sequence SEQ [ Nucleic acid sequence

constant | ID 1D

chain NO: NO:

IgA2ml1 |1 ASPTSPKVFPLSLDSTPQDGNVYV | 22 geeagecccaccagecccaaggtgtteccecctgage
VACLVQGFFPQEPLSVTWSESG ctggacagcaccccccaggacggeaacgtggtggt
QNVTARNFPPSQDASGDLYTTSS ggectgectggtgcaggecttcttcecccaggagee
QLTLPATQCPDGKSVTCHVKHY cctgagegtgacctggagegagageggecagaac
TNPSQDVTVPCPVPPPPPCCHPR gtgaccgecaggaacttceccccecagecaggacge
LSLHRPALEDLLLGSEANLTCTL cagcggegacctgtacaccaccagcagecagetga
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TGLRDASGATFTWTPSSGKSAV
QGPPERDLCGCYSVSSVLPGCA
QPWNHGETFTCTAAHPELKTPL
TANITKSGNTFRPEVHLLPPPSEE
LALNELVTLTCLARGFSPKDVL
VRWLQGSQELPREKYLTWASR
QEPSQGTTTFAVTSILRVAAEDW
KKGDTFSCMVGHEALPLAFTQK
TIDRLAGKPTHVNVSVVMAEVD
GTCY

cectgeecgecacccagtgeccegacggeaagage
gtgacctgecacgtgaagcactacaccaaccecage
caggacgtgaccgtgccctgeccegtgeceececee
ceeeeectgetgecaccecaggetgagectgeacag
geeegeectggaggacctgetgctgggcagegagg
ccaacctgacctgeaccctgaccggectgagggac
gccageggegcecaccttcacctggacccccageag
cggcaagagcgcecgtgeagggeccceccgagagg
gacctgtgeggctgctacagegtgageagegtgcetg
ceeggetgegeccagecctggaaccacggegaga
ccttcacctgeaccgecgeecaccecgagetgaaga
cceecctgaccgecaacatcaccaagageggeaac
accttcaggeecgaggtgceacctgetgececceece
agcgaggagcetggeectgaacgagetggtgacect
gacctgectggecaggggcttcageeccaaggacg
tgctggtgaggtogctgecagggcagecaggagetg
cccagggagaagtacctgacctgggccageaggea
ggagcccagecagggeaccaccaccttegecgtga
ccagcatcctgagggtgeccgecgaggactggaag
aagggcgacaccttcagetgeatggtggeccacga
ggecctgeccctggecttcacccagaagaccatcga
caggctggecggcaageccacccacgtgaacgtga

gegtggtgatggecgaggtggacggeacctgetac

IgA2m?2

ASPTSPKVFPLSLDSTPQDGNVV
VACLVQGFFPQEPLSVTWSESG
QNVTARNFPPSQDASGDLYTTSS
QLTLPATQCPDGKSVTCHVKHY
TNSSQDVTVPCRVPPPPPCCHPR
LSLHRPALEDLLLGSEANLTCTL
TGLRDASGATFTWTPSSGKSAV
QGPPERDLCGCYSVSSVLPGCA
QPWNHGETFTCTAAHPELKTPL
TANITKSGNTFRPEVHLLPPPSEE
LALNELVTLTCLARGFSPKDVL
VRWLQGSQELPREKYLTWASR
QEPSQGTTTYAVTSILRVAAED
WKKGETFSCMVGHEALPLAFTQ
KTIDRMAGKPTHINVSVVMAEA
DGTCY

23

geccagececcaccagecccaaggtgttcceectgage
ctggacagcaccecccaggacggeaacgtggtegt
ggectgecetggtgeagggcttcttcecccaggagee
cctgagegtgacctggagegagageggecagaac
gtgaccgecaggaacticececccagecaggacge
cagcggcegacctgtacaccaccagcagecagetga
cectgeecgecacccagtgeccegacggeaagage
gtgacctgecacgtgaagcactacaccaacagceage
caggacgtgaccgtgccctgecagggtgeeccceee
ceeeecctgetgecaccecaggetgagectgeacag
geeegeectggaggacctgetgctgggcagegagg
ccaacctgacctgeacccetgaccggectgagggac
gccageggegcecaccttcacctggacccccageag
cggcaagagcgcecgtgeagggeccceccgagagg
gacctgtgeggctgctacagegtgageagegtgetg
ceeggetgegeccagecctggaaccacggegaga
ccttcacctgeaccgecgeecaccecgagetgaaga
ceceecctgaccgecaacatcaccaagageggeaac
accttcaggeecgaggtgeacctgetgececceece
agcgaggagcetggeectgaacgagetggtgacect
gacctgectggecaggggcttcageeccaaggacg
tgctggtgaggtogctgecagggcagecaggagetg
cccagggagaagtacctgacctgggccageaggea
ggagcccagecagggeaccaccacctacgeegtga
ccagcatcctgagggtgeccgecgaggactggaag
aaggegcgagaccttcagetgeatggtgggccacga
ggecctgeccctggecticacccagaagaccatcga
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caggatggceggeaageccacccacatcaacgtga
geglggtgatggecgaggecgacggeacctgetac

ASPTSPKVFPLSLDSTPQDGNVY
VACLVQGFFPQEPLSVTWSESG
QNVTARNFPPSQDASGDLYTTSS
QLTLPATQCPDGKSVTCHVKHY
TNSSQDVTVPCRVPPPPPCCHPR
LSLHRPALEDLLLGSEANLTCTL
TGLRDASGATFTWTPSSGKSAV
QGPPERDLCGCYSVSSVLPGCA
QPWNHGETFTCTAAHPELKTPL
TANITKSGNTFRPEVHLLPPPSEE
LALNELVTLTCLARGFSPKDVL
VRWLQGSQELPREKYLTWASR
QEPSQGTTTYAVTSILRVAAED
WKKGETFSCMVGHEALPLAFTQ
KTIDRMAGSCCVADWQMPPPY
VVLDLPQETLEEETPGANLWPT
TITFLTLFLLSLFYSTALTVTSVR
GPSGKREGPQY

24

gccageeccaccagecccaaggtgttceeectgage
ctggacagcaccecccaggacggeaacgtggtggt
ggectgecetggtgeagggcttcttcecccaggagee
cctgagegtgacctggagegagageggecagaac
gtgaccgccaggaacttcecccccagecaggacge
cagcggcegacctgtacaccaccagcagecagetga
cectgeecgecaccecagtgeceegacggeaagage
gtgacctgecacgtgaagceactacaccaacagcage
caggacgtgaccgtgccctgecagggtgeccecceee
ceceeccctgetgecaccecaggetgagectgeacag
gcecgeectggaggacctgetgetgggcagegagg
ccaacctgacctgcaccctgaccggectgagggac
gccageggegcecaccttcacctggacccccageag
cggcaagagcgcecgtgeagggeccccccgagagg
gacctgtgeggetgctacagegtgageagegtgctg
ceeggetgegeccagecctggaaccacggegaga
ccttcacctgeaccgecgeccaccecgagetgaaga
ceceecctgaccgecaacatcaccaagageggeaac
accttcaggeecgaggtgeacctgetgececcecce
agcgaggagctggecctgaacgagcetggtgaccect
gacctgectggecaggggcttcagecccaaggacg
tgctggtgaggtegctgcagggcagecaggagetg
cccagggagaagtacctgacctgggccageaggea
ggagcccagecagggeaccaccacctacgeegtga
ccagcatcctgagggtggccgecgaggactggaag
aagggcgagaccttcagetgeatggtgggccacga
ggeectgeecctggecticacccagaagaccatcga
caggatggccggcagcetgetgegtggecgactgge
agatgccceccccctacgtggtgctggacctgecee
aggagaccctggaggaggagacccecggegecaa
cctgtgecccaccaccatcaccttectgacectgttee
tgctgagectgttctacageaccgeectgaccgtgac
cageglgaggggeeccageggcaagagggaggs
cceccagtac

1gA2_A0 |3
A286YE

YS

12A3.0+ |16

ASPTSPKVFPLSLDSTPQDGNVV
VACLVQGFFPQEPLSVTWSESG
QGVTARNFPPSQDASGDLYTTSS
QLTLPATQCPDGKSVTCHVKHY
TNPSQDVTVPCRVPPPPPCCHPR
LSLHRPALEDLLLGSEANLTCTL
TGLRDASGATFTWTPSSGKSAV
QGPPERDLCGCYSVSSVLPGSAQ
PWNHGETFTCTAAHPELKTPLT
ATLSKSGNTFRPEVHLLPPPSEEL
ALNELVTLTCLARGFSPKDVLV
RWLQGSQELPREKYLTWASRQE

25

gctageccaacctetectaaggtgttcectetgagect

ggacagcacccctcaggatggaaatgtggtggteg

cctgtetggtgecagggattcttcccacaagageecct

glcegtgacttggagegaatctggacagggcegtgac
cgcecagaaacttcccaccttctcaggacgectetgge
gacctgtacaccacctcttctcagetgacectgectge
cacacagtgecctgatggeaagtcetgtgacctgecac
gtgaagcactacaccaatcctageccaggacgtgace
gtgecttgcagagttectectectecaccttgetgtcac
ccteggetgtetetgecacagaccegetctggaagate
tgetgctggectctgaggccaacctgacatgtacect

gaccggectgagagatgettcetggegecacctttace
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PSQGTTTFAVTSILRVAAEDWK
KGDTFSCMVGHEALPLAFTQKT
IDRLAGKPTHVQVSVVMAEVDG
T

tggacaccttccageggaaagtecgetgtticaggga
cctectgagagggacctgtgeggetgttactetgtgte
tagtgtgctgectggeagegececagecttggaatcat
ggcgagacattcacctgtaccgetgctcaccccgag
ctgaaaacccctetgaccgecacactgtecaagteeg
gcaacaccttccggectgaagtgcatctgetgectee
acctagcgaggaactggcectgaatgagetggtcac
cctgacctgtetggecaggggctttagecctaaggac
gtgetegttagatggctgeagggetcccaagagetg
cccagagagaagtatctgacctgggecteteggcaa
gagccatctcagggceaccacaacctttgeegtgace
agcatcctgagagtggccgecgaagattggaagaa
gggcgacaccttcagetgeatggteggacatgaage
cctgeetetggctttcacccagaaaaccatcgacaga
ctggecggeaageccacccatgtccaagtgtetgttg
tcatggcggaggtggacggeace

IgA3.0mi

17

ASPTSPKVFPLSLDSTPQDGNVV
VACLVQGFFPQEPLSVTWSESG
QGVTARNFPPSQDASGDLYTTSS
QLTLPATQCPDGKSVTCHVKHY
TNPSQDVTVPCRVPPPPPCCHPR
LSLHRPALEDLLLGSEANLTCTL
TGLRDASGATFTWTPSSGKSAV
QGPPERDLCGCYSVSSVLPGSAQ
PWNHGETFTCTAAHPELKTPLT
ATLSKSGNTFRPEVHLLPPPSEEL
ALNELVTLTCLARGFSPKDVLV
RWLQGSQELPREKYLTWASRQE
PSQGTTTFAVTSILRVAAEDWK
KGDTFSCMVGHEALPLAFTQKT
IDRLAGK

26

gctageecaacctetectaaggtgtteectetgagect

ggacagcacccctcaggatggaaatgtggtggtge
cctgtetggtgecagggattcttcccacaagageecct
gtcegtgacttggagegaatctggacagggcegtgac
cgccagaaacttcecaccttctcaggacgecetetgge
gacctgtacaccacctcttctcagetgacccetgectge
cacacagtgccctgatggcaagtctgtgacctgecac
gtgaagcactacaccaatcctagecaggacgtgace
gtgecttgcagagttectectectecaccttgetgtcac
ccteggcetgtetetgeacagaccegetetggaagate
tgctgetgggcetctgaggecaacctgacatgtacect
gaccggcectgagagatgettctggegecacctttace
tggacaccttccagcggaaagtcegetgticaggga
cctectgagagggacctgtgeggctgttactetgtgte
tagtgtgctgectggeagegeccagecttggaatcat
ggcgagacattcacctgtaccgcetgcetcaccecgag
ctgaaaacccctetgaccgecacactgtccaagtecg
gcaacaccttccggectgaagtgcatctgetgectee
acctagcgaggaactggecectgaatgagetggtcac
cctgacctgtctggecaggggcetttageectaaggac
gtgctegttagatggetgcagggctcccaagagcetg
cccagagagaagtatctgacctgggectctcggeaa
gagccatctcagggcaccacaacctttgeegtgace
agcatcctgagagtggecgecgaagattggaagaa
gggcegacaccttcagetgeatggteggacatgaage
cetgectetggetttcacccagaaaaccatcgacaga

ctggceggeaag

1gA4.0_
NG

18

ASPTSPKVFPLSLDSTPQDGNVV
VACLVQGFFPQEPLSVTWSESG

27

getageccaacctetectaaggtgttceetetgagect

ggacagcacccclcaggatggaaatgtggtegteg
cetgtetggtgcagggattettcccacaagageecct
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QGVTARNFPPSQDASGDLYTTSS
QLTLPATQCPDGKSVTCHVKHY
TNPSQDVTVPCRVPPPPPCCHPR
LSLHRPALEDLLLGSEAGLTCTL
TGLRDASGATFTWTPSSGKSAV
QGPPERDLCGCYSVSSVLPGSAQ
PWNHGETFTCTAAHPELKTPLT
ATLSKSGNTFRPEVHLLPPPSEEL
ALNELVTLTCLARGFSPKDVLV
RWLQGSQELPREKYLTWASRQE
PSQGTTTFAVTSILRVAAEDWK
KGDTFSCMVGHEALPLAFTQKT
IDRLAGK

glcegtgacttggagegaatctggacagggcegtgac
cgccagaaacttcccaccttctcaggacgectetgge
gacctgtacaccacctcttctcagetgacectgectge
cacacagtgecctgatggeaagtetgtgacctgecac
gtgaagcactacaccaatcctageccaggacgtgace
gtgecttgcagagttcctectectecaccttgetgtcac
ccteggetgtetctgecacagaccegetctggaagate
tgetgctggectctgaggecggectgacatgtacect
gaccggectgagagatgettetggegecacctttace
tggacaccttccageggaaagtecgetgttcaggga

cctectgagagggacctgtgeggetgttactetgtgte
tagtgtgctgectggcagegeccagecttggaatcat
ggcgagacattcacctgtaccgetgctcaccecgag

ctgaaaacccctetgaccgecacactgtccaagtceeg
gcaacaccttccggectgaagtgcatetgetgectee

acctagcgaggaactggcectgaatgagetggtcac
cctgacctgtetggecaggggctttagecctaaggac
gtgctegttagatggctgecagggctcccaagagetg

cccagagagaagtatctgacctgggccteteggcaa
gagccatctcagggceaccacaacctttgeegtgace

agcatcctgagagtggeccgecgaagattggaagaa

ggegcgacaccttcagetgeatggtcggacatgaage
cctgeetetggetttcacccagaaaaccatcgacaga

ctggeeggeaag

IgA4.0_
NQ

19

ASPTSPKVFPLSLDSTPQDGNVV
VACLVQGFFPQEPLSVTWSESG
QGVTARNFPPSQDASGDLYTTSS
QLTLPATQCPDGKSVTCHVKHY
TNPSQDVTVPCRVPPPPPCCHPR
LSLHRPALEDLLLGSEAQLTCTL
TGLRDASGATFTWTPSSGKSAV
QGPPERDLCGCYSVSSVLPGSAQ
PWNHGETFTCTAAHPELKTPLT
ATLSKSGNTFRPEVHLLPPPSEEL
ALNELVTLTCLARGFSPKDVLV
RWLQGSQELPREKYLTWASRQE
PSQGTTTFAVTSILRVAAEDWK
KGDTFSCMVGHEALPLAFTQKT
IDRLAGK

28

gctageccaacctetectaaggtgttcectctgagect

ggacagcacccctcaggatggaaatgtggtggteg

cctgtetggtgecagggattcttcccacaagageecct

gtcegtgacttggagegaatctggacagggegtgac
cgcecagaaacttcccaccttctcaggacgectetgge
gacctgtacaccacctcttctcagetgacectgectge
cacacagtgecctgatggeaagtetgtgacctgecac
gtgaagcactacaccaatcctagecaggacgtgace
gtgecttgecagagttectectectecaccttgetgtcac
ccteggetgtetctgecacagaccegetctggaagate
tgetgctggectctgaggeccagetgacatgtacect
gaccggectgagagatgettetggegecacctttace
tggacaccttccageggaaagtecgetgttcaggga

cctectgagagggacctgtgeggetgttactetgtgte
tagtgtgctgectggeagegeccagecttggaatcat
ggcgagacattcacctgtaccgetgctcaccecgag

ctgaaaacccctetgaccgecacactgtccaagteeg
gcaacaccttccggectgaagtgcatetgetgectee

acctagcgaggaactggcectgaatgagetggtcac
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cctgacctgtetggecaggggctttagecctaaggac
gtgetegttagatggctgecagggetcccaagagetg
cccagagagaagtatctgacctgggecteteggeaa
gagccatctcagggcaccacaacctttgeegtgace
agcatcctgagagtggccgecgaagattggaagaa
ggegcgacaccttcagetgeatggtcggacatgaage
cctgeetetggctttcacccagaaaaccatcgacaga

ctggecggcaag

TgA4.0_
NT

20

ASPTSPKVFPLSLDSTPQDGNVV
VACLVQGFFPQEPLSVTWSESG
QGVTARNFPPSQDASGDLYTTSS
QLTLPATQCPDGKSVTCHVKHY
TNPSQDVTVPCRVPPPPPCCHPR
LSLHRPALEDLLLGSEATLTCTL
TGLRDASGATFTWTPSSGKSAV
QGPPERDLCGCYSVSSVLPGSAQ
PWNHGETFTCTAAHPELKTPLT
ATLSKSGNTFRPEVHLLPPPSEEL
ALNELVTLTCLARGFSPKDVLV
RWLQGSQELPREKYLTWASRQE
PSQGTTTFAVTSILRVAAEDWK
KGDTFSCMVGHEALPLAFTQKT
IDRLAGK

29

getageccaacctetectaaggtgttceetetgagect

ggacagcacccctcaggatggaaatgtggtggteg
cetgtetggtgcagggattcttcccacaagageceect
gtcegtgacttggagegaatetggacagggegtgac
cgccagaaacttcccaccttctcaggacgectetgge
gacctgtacaccacctcttctcagetgaccetgectge
cacacagtgecctgatggeaagtetgtgacctgecac
gtgaagcactacaccaatcctagecaggacgtgace
gtgecttgeagagttectectectecaccttgetgteac
cecteggctgtetctgeacagacecgetetggaagate
tgctgetgggctetgaggecacectgacatgtacect
gaccggcectgagagatgcttctggcgecacctttace
tggacaccttccagcggaaagtcegetgticaggga
cctectgagagggacctgtgeggctgttactetgtgte
tagtgtgctgectggeagegeecagecttggaatcat
ggcgagacattcacctgtaccgetgctcaccccgag
ctgaaaacccctctgaccgecacactgtecaagteeg
gcaacaccttccggectgaagtgeatcetgetgectee
acctagcgaggaactggccctgaatgagetggtcac
cctgacctgtetggecaggggctttagecctaaggac
gtgctcgttagatggctgecagggetceccaagagetg
cccagagagaagtatctgacctgggecteteggeaa
gagccatctcagggceaccacaacctttgeegtgace
agcatcctgagagtggccgecgaagattggaagaa
gggcgacaccttcagetgeatggteggacatgaage
cctgectetggetttcacccagaaaaccatcgacaga

ctggceggeaag

1gA4.0_
NLT-TIS

21

ASPTSPKVFPLSLDSTPQDGNVV
VACLVQGFFPQEPLSVTWSESG

QGVTARNFPPSQDASGDLYTTSS
QLTLPATQCPDGKSVTCHVKHY
TNPSQDVTVPCRVPPPPPCCHPR
LSLHRPALEDLLLGSEATISCTLT
GLRDASGATFTWTPSSGKSAVQ
GPPERDLCGCYSVSSVLPGSAQP

30

gctagcccaacctcetectaaggtgttcectctgagect

ggacagcacccctcaggatggaaatgtggtggteg

cetgtetggtgcagggattcttcccacaagagecect

gtcegtgacttggagegaatctggacagggcgtgac
cgcecagaaacttcccaccttetcaggacgectetgge
gacctgtacaccacctcttctcagetgaccctgectge
cacacagtgccctgatggcaagtctgtgacctgecac
gtgaagcactacaccaatcctageccaggacgtgacce
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WNHGETFTCTAAHPELKTPLTA
TLSKSGNTFRPEVHLLPPPSEELA
LNELVTLTCLARGFSPKDVLVR
WLQGSQELPREKYLTWASRQEP
SQGTTTFAVTSILRVAAEDWKK
GDTFSCMVGHEALPLAFTQKTI
DRLAGK

gtgecttgecagagttectectectecaccttgetgteac
cecteggetgtetetgeacagacecgetetggaagate
tgetgetgggetetgaggecaccatcagetgtacect
gaccggectgagagatgettctggegecacctttace
tggacaccttccageggaaagtecgetgttcaggga
cctectgagagggacctgtgeggctgttactetgtgte
tagtgtgctgectggcagegeccagecttggaatcat
ggcgagacattcacctgtaccgetgetcaccccgag
ctgaaaacccctetgaccgecacactgtecaagtecg
gcaacaccttccggectgaagtgeatctgetgectee
acctagcgaggaactggeectgaatgagetggtcac
cctgacctgtetggecaggggctttagecctaaggac
gtgetegttagatggctgecagggctcccaagagetg
cccagagagaagtatctgacctgggectcetcggeaa
gagccatctcagggceaccacaacctttgeegtgace
agcatcctgagagtggecgecgaagattggaagaa
gggcgacaccttcagetgeatggteggacatgaage
cectgeetetggctttcacccagaaaaccatcgacaga

ctggecggeaag

[0652] Table 4 lists exemplary amino acid sequences and nucleic acid sequences of a kappa light chain
constant domain of the engineered IgA variants.

Name SEQ | Amino acid sequences SEQ | Nucleic acid sequences

ID ID

NO NO

RTVAAPSVFIFPPSDEQLKSGTASV cggacagtggccgctccttcegtgttcatcttee

kappa 31 VCLLNNFYPREAKVQWKVDNAL | 32 caccttccgacgageagctgaagtceggeaca
hgh_t QSGNSQESVTEQDSKDSTY SLSST gctagegtggtetgectgetgaacaacttctace
Egilsrtlant LTLSKADYEKHKVYACEVTHQGL ctcgggaagecaaggtgcagtggaaggtega
domain SSPVTKSEFNRGEC caatgccctgeagtecggeaactceccaagagt

ctgtgaccgageaggactccaaggacageac
ctacagectgtectecacactgacectgtecaa
ggecgactacgagaageacaaggtgtacgect
gcgaagtgacccatcagggectgtctageect

gtgaccaagtctttcaaccggggcgagtgt

Table 5 lists exemplary lists amino acid sequences of complementarity determining regions of the variable

heavy chain of engineered IgA variants

Antigen Variable SEQ HC-CDR1 [ SEQ
heavy chain of | ID NO 1D
Antigen NO

HC-CDR2 | SEQ
ID

NO

HC-CDR3
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binding
domain
CD20 Obinutuzumab | 33 GYAFSYS | 41 RIFPGDG | 49 NVFDGYWLV
WIN DTDYNG Y
KFKG
GD2 Dinutuximab | 34 GSSFTGY | 42 AIDPYYG | 50 GMEY
Disialoganglosi | (also called NMN GTSYNQ
de expressed Chl4.18 or KFKG
on tumors of Unituxin)
neuroectoderm
al origin
Her2 Trastuzumab | 35 GFNIKDT | 43 RIYPTNG | 51 WGGDGFYA
YIH YTRYADS MDY
VKG
Tyrosinase- TA99 36 GFNIKDY | 44 WINPDNG | 52 RDYTYEKAA
related protein- FLH NTVYDP LDY
1 or gp75 KFQG
Glycoprotein
produced by
pigmented
melanocytes
and melanomas
cytotoxic T- 37 GYSITSG | 45 FIYYEGS |53 QTGYFDY
lymphocyte- YGWN TYYNPSI
associated KS
protein 4
(mCTLA-4)
CD47 2.3D11 38 SGVSIRSI | 46 EIYHSGS | 54 DGGIAVTDY
NWWN TNYNPSL YYYGLDV
KS
CDh47 C47A8-CQ 39 SGYTFTS | 47 IINPSGGS | 55 STLWFSEFDY
YYMH TSYAQKF
QG
CD20 UMABI10 40 GFTFPSY | 48 AIYPGNG | 56 SAYYGSNVW
NLH DTSYNQ FFDV
KFKG
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Table 6 lists exemplary lists amino acid sequences of complementarity determining regions of the variable

light chain of engineered IgA variant

Antigen Variable light | SEQ | LC-CDR1 SEQ | LC- SEQ | LC-CDR3
chain of ID ID CDR2 1D
NO NO NO
Antigen
binding
domain
CD20 Obinutuzuma | 57 RSSKSLLHSNGITYL | 65 QMSNL |73 AQNLELPYT
b Y VS
GD2 Dinutuximab | 58 RSSQSLVHRNGNTY | 66 KVSNRF | 74 SQSTHVPPL
(also called LH S T
Ch14.18 or
Unituxin)
Her2 Trastuzumab | 59 RASQDVNTAVA 67 SASFLY |75 QQHYTTPPT
S
Tyrosinase | TA99 60 RASGNIYNYLA 68 DAKTL |76 QHFWSLP
-related AD
protein-1
or gp75
cytotoxic 61 KSSQSLFNSNAKTN | 69 YASTRH | 77 QQWYDYPY
T- YLN T T
lymphocyt
e_
associated
protein 4
(mCTLA-
4
CD47 2.3D11 62 RASESVSSNLA 70 GAFNR | 78 QQRSDWFT
AT
CD47 C47A8-CQ 63 SGTSSDVGGHNYVS | 71 DVTKRP | 79 QSYAGSRV
S YV
CD20 UMABI10 64 RASSSVSYMD 72 ATSNLA | 80 QQWISNPPT
S

Table 7 lists exemplary amino acid sequences and nucleic acid sequences of the variable heavy chain of

engineered IgA variant. The CDR regions are depicted in bold font
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Antigen | Antigen SEQ | Amino acid sequence SEQ | Nucleic acid sequence
binding ID ID
domain NO NO
CD20 Obinutuzu- | 81 QVQLVQSGAEVKKPGSS 87 caggtgcaattggtgcagtctggegetg
mab VKVSCKASGYAFSYSWI aagttaagaagcctgggagttcagtgaa
NWVRQAPGQGLEWMGR ggtctcetgeaaggettccggatacgec
IFPGDGDTDYNGKFKGR ttcagctattcttggatcaattgggtgcgg
VTITADKSTSTAYMELSSL caggcgectggacaagggctcgagtg
RSEDTAVYYCARNVFDG gatgggacggatctttcceggegatggg
YWLVYWGQGTLVTVSS gatactgactacaatgggaaattcaagg
gcagagtcacaattaccgccgacaaatc
cactagcacagcctatatggagetgage
agcctgagatctgaggacacggeegtg
tattactgtgcaagaaatgtctttgatggtt
actggcttgtttactggggccagggaac
cctggtcaccgtctcgaca
EVQLLQSGPELEKPGASV gaagtgcagetggtgcagageggegc
GD2 Dinutuxim | 4 MISCKASGSSFTGYNMN | 88 ggaagtggaaaaaccgggegegageg
ab (also WVRQNIGKSLEWIGAIDP tgaaaattagctgcaaagcgageggca
Cczﬁlﬁflg or YYGGTSYNQKFKGRATL gcagctttaccggctataacatgaactgg
Unituxin) TVDKSSSTAYMHLKSLTS gtgcgecagaacattggcaaaagectg
EDSAVYYCVSGMEYWG gaatggattggcgegattgatcegtatta
QGTSVTVSS tggcggcaccagcetataaccagaaattt
aaaggccgegegaccetgacegtggat
aaaagcaccagcaccgcgtatatgcatc
tgaaaagcctgegeagegaagataccg
cggtgtattattgegtgageggeatgga
atattggggccagggeaccagegtgac
cglgagcage
EVQLVESGGGLVQPGGSL Gaggtgcagetggtcgagageggegg
Her2 Trastuzuma | 82 RLSCAASGFNIKDTYIHW | 89 agggctggtgcagecaggeggeagee
b VRQAPGKGLEWVARIYP tgaggctgtcetgegeegecageggctt
TNGYTRYADSVKGRFTIS caacatcaaggacacctacatccactgg
ADTSKNTAYLQMNSLRA gtgcggeaggecccaggeaagggect
EDTAVYYCSRWGGDGF ggagtgggtggccaggatctaceccac
YAMDYWGQGTLVTVSS caacggctacaccagatacgccgacag
cgtgaagggcaggttcaccatcagege
cgacaccagcaagaacaccgectacct
gcagatgaacagcctgagggecgagg
acaccgecgtgtactactgcageagatg
gggeggggacggcetictacgetatgga
ctactggggccagggeaccetggtgac
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cglgagcagc
EVQLQQSGAELVRPGALV gaggttcagttgcageagtctggegeeg
Tyrosina | TA99 83 KLSCKTSGFNIKDYFLH 20 aactcgttagacctggegcetctggttaag
se-r eliated WVRQRPDQGLEWIGWIN ctgtectgcaagacctceggcttcaatat
g 2;17115_ ! PDNGNTVYDPKFQGTAS caaggactacttcctgcactgggtcega
LTADTSSNTVYLQLSGLT cagaggcctgaccaaggactggaatgg
SEDTAVYFCTRRDYTYE atcggcetggatcaacccegacaacgge
KAALDYWGQGTTVTVST aacaccgtgtacgaccctaagttccagg
geaccgctictetgaccgecgacacete
ttccaataccgtgtacctgeagetgteeg
gectgacctctgaggatacegeegtgta
cttctgcaccagacgggactacacctac
gagaaggccgcetctggattattggggcc
agggcacaaccgtgaccgtgtctaca
QVKLEESGPGLVNPSQSL caggtgaaactggaagaaagcggcecc
cytotoxic 84 SLSCSVTGYSITSGYGWN | 91 gggectggtgaacccgagecagagect
T- WIRQFPGQKVEWMGFIY gagccetgagetgeagegtgaceggcta
;}tflel?p hoc YEGSTYYNPSIKSRISITR tagcattaccagcggctatggetggaac
associate DTSKNQFFLQVNSVTTED tggattcgccagtttccgggecagaaag
d protein TATYYCARQTGYFDYW tggaatggatggectttatttattatgaag
4 GQGTMVTVSS gcagcacctattataacccgagcattaaa
(mCTLA agccgeattagcattacccgegatacca
-4) gcaaaaaccagtttttictgcaggtgaac
agcgtgaccaccgaagataccgegace
tattattgcgegegecagaceggcetatttt
gattattggggccagggcaccatggtga
ccgtgageageggtgagtec
QVQLQESGPGLVKPSGTL caggtgcagetgeaggaaageggece
CD47 2.3Dl11 85 SLTCAVSGVSIRSINWWN ([ 92 gggectggtgaaaccgageggeaccct
WVRQPPGKGLEWIGELY gagectgacctgegeggtgageggegt
HSGSTNYNPSLKSRVTIS gagcattcgcagcattaactggtggaac
VDKSKNQFSLKLNSVTAA tgggtgcgecageegeegggeaaagg
DTAVYYCARDGGIAVTD cctggaatggattggcgaaatttatcata
YYYYGLDVWGQGTTVT gcggceagceaccaactataacccgagec
VSS tgaaaagccgegtgaccattagegtgga
taaaagcaaaaaccagtttagcctgaaa
ctgaacagcgtgaccgeggeggatace
gegglgtattattgegegegegatggeg
geattgeggtgaccgattattattattatg
geetggatgtgtggggccagggeacca
ccgtgaccgtgageage
QVQLVQSGAEVKKPGAS caggtgcagetggtgcagageggcgc
CD47 C47A8-CQ | 86 VKVSCKASGYTFTSYYM | 93 ggaagtgaaaaaaccgggcgegageg
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HWVRQAPGQGLEWMGII tgaaagtgagctgcaaagegageggct

NPSGGSTSYAQKFQGRV atacctttaccagctattatatgcattgggt
TMTRDTSTSTVYMELSSL gcgeeaggegeegggecagggectgg

RSEDTAVYYCARSTLWF aatggatgggcattattaacccgagegg

SEFDYWGQGTLVTVSS cggcagcaccagctatgegeagaaattt

cagggccgeglgaccatgaccegegat
accagcaccagcaccgtgtatatggaac

tgagcagcetgegeagegaagataccg

cggtgtattattgcgegegeageaccct
gtggtttagcgaatttgattattggggcca

gggcaccetggtgaccgtgageage

UMABI10 QAYLQQSGADLVRPGAS caagcctacctgcagcagtetggegee

CD20 VKMSCKASGFTFPSYNL | 94 gatctcgtgeggectggegectetgtga
HWVKQTPRQGLEWIGAI agatgagctgtaaagccageggcttcac

YPGNGDTSYNQKFKGK cttccecagetacaacctgeactgggte

ATLTVDKSSSTAYMQLSS aagcagacccccagacagggcctgga

LTSEDSAVYFCARSAYYG atggatcggagecatctaccccggeaa

SNVWFFDVWGTGTTVTV cggegacacctcctacaaccagaagttc

SS

aagggcaaggccaccctgaccgtgga
caagagcagcagcaccgectacatgea
gctgagcagectgaccagegaggaca
gegecegtatacttetgtgecagaagegce
ctactacggcagcaacgtgtggttcticg

acgtgtggggcaccggeaccaccgtga
cagtgtcatct

Table 8 lists exemplary amino acid sequences and nucleic acid sequences of the variable light chain of

engineered IgA variant. The CDR regions are depicted in bold font

Antigen | Antigen SEQ | Amino acid sequence | SEQ Nucleic acid sequence
binding ID ID NO
domain NO
DIVMTQTPLSLPVT gatatcgtgatgacccagacacctctgagectgectg
CD20 Obinutuzu- | 95 PGEPASISCRSSKS | 101 tgacacctggcgagcectgettccatctectgeeggte
mab LLHSNGITYLYWY ctctaagtcectgetgeactctaacggeatcacctace
LQKPGQSPQLLIYQ tgtactggtatctgecagaageccggecagtctectea
MSNLVSGVPDRFS getgetgatetaccagatgtccaacctggtgtetgge
GSGSGTDFTLKISR gtgcecgacagattttceggetetggetetggeacceg
VEAEDVGVYYCA acttcaccctgaagatctccagagtggaagecgagg
QNLELPYTFGGGT acgtgggcgtgtactattgtgecccagaacctggaact
KVEIK gccctacacctttggeggaggeaccaaggtggaaat
caag
EIVMTQSPATLSVS gaaattgtgatgacccagageecggegaccetgag
GD2 Dinutuximab | 5 PGERATLSCRSSQS | 102 cgtgageecgggegaacgegegaccectgagetge
(also called
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Chl14.18 or LVHRNGNTYLHW cgcagcagccagagectggtgcatcgeaacggeaa
Unituxin) YLQKPGQSPKLLIH cacctatctgcattggtatctgcagaaaccgggecag
KVSNRFSGVPDRF agcccgaaactgetgattcataaagtgagcaaccgcet
SGSGSGTDFTLKIS ttagcggegtgeeggategetttageggeageggea
RVEAEDLGVYFCS geggeaccgattttaccctgaaaattageegegtgga
QSTHVPPLTFGAG agcggaagatctgggcgtgtatttttgcagecagage
TKLELK acccatgtgccgecgetgacctttggegegggeace
aaactggaactgaaa
Trastuzumab DIQMTQSPSSLSAS gacatccagatgacccagtctecatectctetgteege
Her2 96 VGDRVTITCRASQ [ 103 ctctgtgggegacagagtgaccatcacctgtagage
DVNTAVAWYQQK cagccaggacgtgaacaccgeegtggettggtatca
PGKAPKLLIYSASF gcagaagcctggcaaggeccctaagetgetgatcta
LYSGVPSRFSGSRS cteegectectteetgtactetggegtgeectecagatt
GTDFTLTISSLQPE ctceggeageagatetggeaccgactttacectgaca
DFATYYCQQHYT atctccagectgeagectgaggacttcgecacctact
TPPTFGQGTKVEIK actgccagcagceactacaccacacctccaacctttgg
ccagggcaccaaggtggaaatcaag
TA99 IQMSQSPASLSASV atccagatgagtcagtctceggectecctatetgeate
Tyrosinas 97 GETVTITCRASGNI | 104 tgtgggagaaactgtcaccatcacatgtcgagcaagt
e-r elgted YNYLAWYQQKQG ggaaatatttacaattatttagcatggtatcagcagaaa
g icg;%_ ! KSPHLLVYDAKTL cagggaaaatctcctcaccteetggtctatgatgecaa
ADGVPSRFSGSGSG aaaccttagcagatggtgtgccatcaaggticagtgg
TQYSLKISSLQTED cagtggctcagggacacaatattctctcaagattage
SGNYYCQHFWSL agccttcagactgaagattctgggaattattactgtea
PFTFGSGTKLEIK acatttttggagtcttccattcacgttcggetcggggac
caagctggaaataaaa
DVMMTQSPSSMSV gatgtgatgatgacccagageccgageageatgag
cytotoxic 98 SAGEKATISCKSSQ | 105 cgtgagegegggegaaaaagegaccattagetgea
T- SLFNSNAKTNYLN aaagcagccagagectgtitaacagcaacgegaaa
:anp hocy WYMQKPGQSPKLL accaactatctgaactggtatatgcagaaaccgggec
associate TYYASTRHTGVPD agagcccgaaactgetgacctattatgecgageaccee
d protein RFRGSGSGTDFTLT gccataccggegtgecggategetttcgeggeageg
4 ISSVQDEDQAFYYC geagcggeaccgattttacectgaccattagecagegt
(mCTLA QQWYDYPYTFGA gcaggatgaagatcaggegttttattattgccageagt
-4) GTKLEIK ggtatgattatccgtatacctttggegegggcaccaa
actggaaattaaa
2.3D11 EIVLTQSPATLSLSP gaaattgtgetgacccagageeceggegacectgag
CD47 99 3SSRNAE{;\SI\?YR3(§IEIS’G 106 cctgageecgggegaacgegegaceetgagetgee
gcgegagegaaagegtgageageaacetggegtg
QAPRLLIYGAFNR gtatcagcagaaaccgggecaggcgcegegectge
ATGIPARFSGSGSG

TDFTLTISSLEPEDF

tgatttatggcgcegtttaaccgegegaccggceattec




WO 2020/197400 PCT/NL2020/050217
175
AVYYCQQRSDWF ggegegctttageggeageggeageggeaccgatt
TFGGGTKVEIK ttaccctgaccattagcagectggaaccggaagatttt
gcggtgtattattgeccageagegeagegattggtttac
ctttggeggeggeaccaaagtggaaattaaa
C47A8-CQ QSVLTQPSSVSASP cagagcgtgctgacccageecgageagegtgageg
CD47 100 | GQSITISCSGTSSDV | 107 cgagcccgggecagageattaccattagetgeage
GGHNYVSWYQQH ggeaccageagegatgtgggeggecataactatgtg
PGKAPKLMIYDVT agctggtatcagcagceatccgggeaaagegeegaa
KRPSGVPDRFSGS actgatgatttatgatgtgaccaaacgeccgageggc
KSGNTASLTVSGL gtgceggategctttageggeageaaaageggcaa
QAEDEADYYCQSY caccgecgagectgaccgtgageggectgeaggeg
AGSRVYVFGTGTK gaagatgaagcggattattattgccagagcetatgegg
LTVL geagcegegtgtatgtgtttggcaccggeaccaaact
gaccgtgctg
QIVLSQSPAILSASP cagatcgtgctgagecagagececgecateetgagt
CD20 UMABI10 8 GEKVTMTCRASSS | 108 gctagecctggegagaaagtgaccatgacctgeag
VSYMDWYQQKPG agccagcageagegtgtcctacatggactggtatca
SSPKPWIYATSNLA gcagaagcccggeageagecccaagecectggatct
SGVPTRFSGSGSGT acgccacaagcaatctggecageggegtgeccaca
SYSLTISRVEAEDA agattttccggeageggctctggeaccagetacage
ATYYCQQWISNPP ctgaccatcagccgggtggaagecgaagatgecge
TFGAGTKLDLK cacctactactgccagceagtggatcagcaaccccce
cacctttggagccggcaccaagetggatctgaag

Table 9 lists exemplary IgA variant antibodies capable of binding different antigen. The table shows

exemplary pairings of sequences of the variable light chain, variable heavy chain, IgA heavy chain constant

region and kappa light chain constant region for the IgA variant antibodies.

Exemplar | Antige | HC- | HC- | HC- | Variable | LC- | LC- | LC- | Variable | IgA Kappa

y n CD |CD | CDR | heavy CD |CD | CD | light heavy | light

engineere Rl |R2 |3of |chainof |R1 |[R2 [R3 | chainof | chain chain

d of of SEQ | SEQID | of of of SEQID | constan | constan

IgA SE | SEQ | ID NO: SE |SE |SE | NO: t region | t region

antibody Q 1D NO: Q Q Q of SEQ | of SEQ
ID | NO: ID (ID |[ID ID NO: | ID NO:
NO: NO: | NO: [ NO:

IgA3.0+- | CD20 |33 41 49 81 57 65 73 95 16 31

Obi

IgA3.0+- | GD2 34 142 50 4 58 66 |74 |5 16 31

chl4.18
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IgA3.0+- | Her2 35 43 51 82 59 67 75 96 16 31
Her2
IgA3.0+- | gp75 36 44 52 83 60 68 76 97 16 31
TA99
IgA3.0+ | CTLA |37 45 53 84 61 69 77 98 16 31
mCTLA4 | 4
IgA.3.0+ | CD47 38 46 54 85 62 70 78 99 16 31
2.3D11
IgA3.0+- | CD47 39 47 55 86 63 71 79 100 16 31
C47A8-
cQ
IgA3.0+- | CD20 40 48 56 7 64 72 80 8 16 31
UMABI10
IgA3.0mi | CD20 33 41 49 81 57 65 73 95 17 31
n-Obi
IgA3.0mi | GD2 34 42 50 4 58 66 74 5 17 31
n-ch14.18
IgA3.0mi | Her2 35 43 51 82 59 67 75 96 17 31
n-Her2
IgA3.0mi | gp75 36 44 52 83 60 68 76 97 17 31
n-TA99
IgA3.0mi | CTLA |37 45 53 84 61 69 77 98 17 31
n- 4
mCTLA4
IgA.3.0mi | CD47 38 46 54 85 62 70 78 99 17 31
n-2.3D11
IgA3.0mi | CD47 39 47 55 86 63 71 79 100 17 31
n-C47A8-
cQ
IgA3.0mi | CD20 40 48 56 7 64 72 80 8 17 31
n-
UMABI0
IgA4.0_N | CD20 33 41 49 81 57 65 73 95 18 31
G-Obi
IgA4.0_N | CD20 33 41 49 81 57 65 73 95 20 31
T-Obi




WO 2020/197400 PCT/NL2020/050217

177

IgA4.0_N |CD20 |33 |41 |49 |81 57 |65 |73 |95 19 31
Q-Obi

IgA4.0_N | CD20 |33 41 49 81 57 65 73 95 21 31
LT-TIS-
Obi

IgA4.0_N | GD2 34 (42 |50 4 58 |66 (74 |5 18 31
G-
ch14.18

IgA4.0_N | GD2 34 42 50 4 58 66 74 5 20 31
T-
ch14.18

IgA4.0_N | GD2 34 42 50 4 58 66 74 5 19 31
Q-
ch14.18

IgA4.0_N | GD2 34 42 50 4 58 66 74 5 21 31
LT-TIS-
ch14.18

IgA4.0_N | Her2 35 43 51 82 59 67 75 96 18 31
G- Her2

IgA4.0_N | Her2 35 43 51 82 59 67 75 96 20 31
T- Her2

IgA4.0_N | Her2 35 43 51 82 59 67 75 96 19 31
Q- Her2

IgA4.0_N | Her2 35 43 51 82 59 67 75 96 21 31
LT-TIS-
Her2

IgA40N |gp75 |36 |44 |52 |83 60 |68 |76 |97 18 31
G- TA99

IgA40N |gp75 |36 |44 |52 |83 60 |68 |76 |97 20 31
T- TA99

IgAd.0_N |gp75 |36 |44 |52 |83 60 |68 |76 |97 19 31
Q- TA99

IgA40N |gp75 |36 |44 |52 |83 60 |68 |76 |97 21 31
LT-TIS-
TA99

IgA40N |CTLA [37 |45 |53 |84 61 |69 |77 |98 18 31
G- 4
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mCTLA4

IgA4.0_N | CTLA |37 45 53 84 61 69 77 98 20 31
T- 4
mCTLA4

IgA40_N |CTLA |37 |45 |53 |84 61 |69 [77 |98 19 31
Q- 4
mCTLA4

IgA4.0_N | CTLA |37 45 53 84 61 69 77 98 21 31
LT-TIS- 4
mCTLA4

IgA4.0_N | CD47 |38 46 54 85 62 70 78 9 18 31
G-2.3D11

IgA4.0_N | CD47 |38 46 54 85 62 70 78 99 20 31
T-2.3D11

IgA4.0N |CD47 |38 |46 |54 |85 62 |70 |78 |99 19 31
Q-2.3D11

IgA4.0_N | CD47 |38 46 54 85 62 70 78 99 21 31
LT-TIS-
2.3D11

IgA40_N | CD47 |39 |47 |55 |86 63 |71 [79 |100 18 31
G-
CA47A8-
cQ

IgA40_N | CD47 |39 [47 |55 |86 63 |71 [79 |100 20 31
T-
C47A8-
cQ

IgA40_N | CD47 |39 [47 |55 |86 63 |71 [79 |100 19 31
Q_
C47A8-
cQ

IgA4.0_N | CD47 |39 |47 |55 |86 63 |71 [79 |100 21 31
LT-TIS-
C47A8-
cQ

IgA4.0_N | CD20 |40 48 56 7 64 72 80 8 18 31
G-
UMABI10
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IgA4.0_N | CD20 |40 48 56 7 64 72 80 8 20 31
T-
UMABI10

IgA4.0_N | CD20 |40 48 56 7 64 72 80 8 19 31
Q-
UMABI10

IgA4.0_N | CD20 |40 48 56 7 64 72 80 8 21 31
LT-TIS-
UMABI10

Table 10 lists exemplary sequence of CH1, CH2 and CH3 domains of WT IgA heavy chain constant region

Name SEQ ID Amino acid sequence
NO:

CH1 domain of WT IgA2 heavy 109

chain constant region

CH2 domain of WT IgA2 heavy 110 CCHPRLSLHRPALEDLLLGSEANLTCTL

chain constant region TGLRDASGATFTWTPSSGKSAVQGPPER
DLCGCYSVSSVLPGCAQPWNHGETFTC
TAAHPELKTPLTANITKS

CH3 domain of WT IgA2 heavy 111 GNTFRPEVHLLPPPSEELALNELVTLTCL

chain constant region including ARGFSPKDVLVRWLQGSQELPREKYLT

C-terminal Tail-piece WASRQEPSQGTTTFAVTSILRVAAEDW

KKGDTFSCMVGHEALPLAFTQKTIDRL
AGKPTHVNVSVVMAEVDGTCY
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Table 11

IMGT numbering table

IMGT accession number J00221
Weblink: v i, S0t o
Consulted on 27MAR2020

1os/al

1.8 1.71.61.51.41.31.21.1 1 2 3 4 5 6 7 8 9 10 11 12
A El P T S P K v F P L S L D El T

J00221 IGHA2*01 F CH1 gDNA gca tcc ccg acc age ccc aag gtc tte ceg ctg age ctc gac agce acc
AB,
15.1 15.3
13 14 15 15.2 16 17 18 1% 20 21 22 23 24 25 26 27 28 23
P Q D G N v v v A C L v Q G F F
Joozz1 IGHA2*01 F CH1 gDNA cce caa ... ... ... ... gat ggg aac gtg gtc gtc gea tge ctg gtc cag gge tte tte
BC CD.
45.1 45.3 45.5
30 31 34 35 36 37 38 3% 40 41 42 43 44 45 45.2 45.4 45.6
P Q E P L S v T W S E S G Q N v
J00221 IGHA2*01 F CH1 gDNA cce cag ... gag cca ctc agt gtg acc tgg age gaa agc gga cag aac gtg
DE.
45.7 84.1 84.3 84.5 84.7 85.6 85.4
77 78 79 80 81 82 83 84 84.2 84.4 84.6 85.7 85.5
T A R N F P P S Q D A S G D
J00221 IGHA2*01 F CH1 gDNA ... acc gcc aga aac ttc cca cct agc cag gat goc tCC ggg ... ... v.. ... ... gacC
__EF___
85.2 96.1
85.3 85.1 85 86 87 88 83 90 91 932 93 94 95 36 96.2 97 98 939
L Y T T El El Q L T L P A T Q C P D G
Joozz1 IGHA2*01 F CH1 gDNA ctg tac acc acg agc age cag ctg acc ctg ccg gec aca cag tge ... ... cca gac ggc
FG

100 101 102 103 104 105 106 107 108 108 110 111 112 113 114 115 116 117 118 119
K § v T ¢ H vV K H Y T N P S Q D ¥
300221 IGHA2*01 F CH1 gDNA aag tce gtg aca tgc cac gtg aag Cac tac ... ... ... acg aat ccc age cag gat gtg

120 121 122 123 124
T v
J00221 IGHA2*01 F CH1 gDNA act gtg ccc tgc cca
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Joo221

Jonzz1

Joozz1i

Joozzi

Joozzi

Joozz1l

Joozz1

Joozz1

Joo2z1

Jonz21

Jonz21

Joozz1

Joozz1

Joozzi

Joozz1l

IGHA2*01

IGHA2*01

IGHA2*0L

IGHAZ*01

IGHAZ*01

IGHA2*01

IGHA2*01

IGHA2*01

IGHA2*01

IGHR2*01

IGHR2*01

IGHA2*0L

IGHA2*0L

IGHA2*0L

IGHA2*01

F

F

F

F

F

F

F

F

F

H gDNA

CH3-CHS

CH3-CHS

CH3-CHS

CH3-CHS

CH3-CHS

CH3-CHS

CH3-CHS

CH3-CHS

gDNA

gDNA

9DNA

9DNA

9gDNA

gDNA

gDNA

gDNA

gDNA

gDNA

gDNA

gDNA

gDNA

gDNA

PCT/NL2020/050217

12 3 4 5 6 7 8 9 10 11 12

v P P P P P

gtt ccc cca cct cce cca

1.6 1.71.61.51.41.31.2 1.1 1 2 3 4 5 6 7 8 9 10 11 12

c ¢ B P R L 8 L H R P A L E D L L L

tgc tge cac ccec cga ctg teg ctg cac cga ccg gec cte gag gac ctg cte tta ... .

2B

15.1 15.

13 14 15 15.2 16 17 18 19 20 21 22 23 24 25 26 27 28 29
G s E A N L T C T L T G L R D A 5 6 A
ggt tca gaa geg aac cte acg tge aca ctg acc gge ctg aga gat gee ... tect ggt gee
BC cD.

45.1 45.3 45.5
30 31 34 35 36 37 38 39 40 41 42 43 44 45 45.2 45.4 45.6
T F T W T P S S8 G X 8 A vV Q &
acc ttc acc tgg acg ccc tea agt ggg aag age ... ... ... ... ... gct gtt caa gga
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[0653] While preferred embodiments of the present disclosure have been shown and described herein, it
will be obvious to those skilled in the art that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will now occur to those skilled in the art without departing
from the present disclosure. It should be understood that various alternatives to the embodiments described
herein, or combinations of one or more of these embodiments or aspects described therein may be
employed in practicing the present disclosure. It is intended that the following claims define the scope of
the present disclosure and that methods and structures within the scope of these claims and their

equivalents be covered thereby.
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CLAIMS

What is claimed is:
1. An antibody or a functional fragment thereof that comprises:
a. an antigen binding domain; and
b. a constant domain, wherein the constant domain comprises an
immunoglobulin A (IgA) heavy chain constant region,
wherein the IgA heavy chain constant region comprises an IgA CH2 region and an IgA CH3 region;
wherein the IgA heavy chain constant region comprises a modification of at least two naturally
occurring glycosylation sites, as compared to a corresponding WT IgA heavy chain constant region, and
wherein each of the at least two naturally occurring glycosylation sites is in the [gA CH2 region or in the IgA
CH3 region.
2. The antibody or the functional fragment thereof of claim 1, wherein the at least two naturally occurring
glycosylation sites are two naturally occurring N-linked glycosylation sites.
3. The antibody or the functional fragment thereof of claim 1 or 2, wherein the at least two naturally occurring
glycosylation sites comprises a naturally occurring asparagine (N) amino acid residue as compared to a
corresponding wild type IgA.
4. The antibody or the functional fragment thereof of any one of claims 1-3, wherein the modification
comprises an amino acid substitution, or an amino acid deletion of one, or both of the at least two naturally
occurring glycosylation sites.
5. The antibody or the functional fragment thereof of claim 4, wherein the amino acid substitution is a non-
conservative amino acid substitution.
6. The antibody or the functional fragment thereof of any one of claims 1-5, wherein the IgA heavy chain
constant region comprises an amino acid substitution at:
i. N114 and N135,
ii. N114 and N15.2, or
iii. N135 and N15.2,
relative to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1,
numbering according to IMGT scheme.
7. The antibody or the functional fragment thereof of any one of claims 1-6, wherein the IgA heavy chain
constant region comprises:
i. aN114T amino acid substitution and a N135Q amino acid substitution,
ii. a N114T amino acid substitution and an amino acid substitution selected from the group consisting of

N15.2G, N15.2Q, and N15.2T, or
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iii. a N135Q amino acid substitution and an amino acid substitution from the group consisting of N15.2G,
N15.2Q, and N15.2T,

relative to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1,
numbering according to IMGT scheme.

8. The antibody or the functional fragment thereof of any one of claims 1-8, wherein the IgA heavy chain
constant region comprises a modification of at least three naturally occurring glycosylation sites, as compared
to a corresponding wild type IgA.

9. The antibody or the functional fragment thereof of claim 8, wherein the at least three naturally occurring
glycosylation sites are three naturally occurring N-linked glycosylation sites.

10. The antibody or the functional fragment thereof of claim 8 or 9, wherein the at least three naturally
occurring glycosylation sites comprises a naturally occurring asparagine (N) amino acid residue as compared
to a corresponding wild type IgA.

11. The antibody or the functional fragment thereof of any one of claims 8-10, wherein the modification is an
amino acid substitution or an amino acid deletion.

12. The antibody or the functional fragment thereof of claim 11, wherein the amino acid substitution is a non-
conservative substitution.

13. The antibody or the functional fragment thereof of any one of claims 8-12, wherein the IgA heavy chain
constant region comprises an amino acid substitution at :

N114, N135, and N15.2, relative to the WT IgA heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

14. The antibody or the functional fragment thereof of any one of claims 8-13, wherein the IgA heavy chain
constant region comprises:

i. aN114T amino acid substitution,

ii. a N135Q amino acid substitution, and

iii. an amino acid substitution selected from the group consisting of N15.2G, N15.2Q), and N15.2T, relative to
the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering
according to the IMGT scheme.

15. The antibody or the functional fragment thereof of any one of claims 1-14, wherein the IgA heavy chain
constant region further comprises an IgA CH1 region.

16. The antibody or the functional fragment thereof of claim 15, wherein the heavy chain constant region
comprises a modification of at least one naturally occurring N-linked glycosylation site in the IgA CH2
region, at least one naturally occurring glycosylation site in the IgA CH3 regions, and at least one naturally

occurring glycosylation site within the IgA CHI1 region, as compared to a corresponding wild type IgA.
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17. The antibody or the functional fragment thereof of claim 15 or 16, wherein the IgA heavy chain constant
region comprises an amino acid substitution at:

i. N45.2, N114, and N135, or

ii. N45.2, N15.2, and N135,

relative to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1,
numbering according to IMGT scheme.

18. The antibody or the functional fragment thereof of claim 17, wherein the IgA heavy chain constant region
comprises:

i. a N45.2G amino acid substitution, a N114T amino acid substitution, and a N135Q amino acid substitution;
or

ii. the N45.2G amino acid substitution, the N135Q amino acid substitution, and an amino acid substitution
selected from a group consisting of N15.2G, N15.2Q, and N15.2T,

relative to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1,
numbering according to IMGT scheme.

19. The antibody or the functional fragment thereof of claim 17, wherein the heavy chain constant region
comprises a modification of at least two naturally occurring N-linked glycosylation site in the IgA CH2
region, and at least one naturally occurring glycosylation site within the IgA CH1 region, as compared to a
corresponding wild type IgA.

20. The antibody or the functional fragment thereof of claim 19, wherein the IgA heavy chain constant region
comprises an amino acid substitution at:

i. N45.2, N114, and N15.2G, numbering according to IMGT scheme.

21. The antibody or the functional fragment thereof of claim 20, wherein the IgA heavy chain constant region
comprises:

i. a N45.2G amino acid substitution,

ii. a N114T amino acid substitution, and

iii. an amino acid substitution selected from the group consisting of N15.2G, N15.2Q, and N15.2T,

relative to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1,
numbering according to IMGT scheme

22. The antibody or the functional fragment thereof of any one of claims 1-21, wherein the antibody or the
functional fragment thereof exhibits a greater circulating half-life compared to a corresponding WT IgA
antibody.

23. The antibody or the functional fragment thereof of any one of claims 1-22, wherein the antibody or the

functional fragment thereof exhibits decreased aggregation compared to a corresponding WT IgA antibody.
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24. The antibody or the functional fragment thereof of any one of claims 1-23, wherein the antibody or the
functional fragment thereof exhibits decreased aggregation with serum proteins, compared to a corresponding
WT IgA antibody.

25. The antibody or the functional fragment thereof of any one of claims 1-24. wherein the antibody or the
functional fragment thereof induces increased antibody dependent cell mediated cytotoxicity, compared to a
corresponding antibody comprising an IgG heavy chain constant region.

26. The antibody or the functional fragment thereof of any one of claims 1-25, wherein the antibody or the
functional fragment thereof exhibits increased thermostability, compared to a corresponding WT IgA
antibody.

27. The antibody or the functional fragment thereof of any one of claims 1-26, wherein the antibody or the
functional fragment thereof exhibits decreased glycosylation, compared to a corresponding WT IgA antibody.
28. The antibody or the functional fragment thereof of any one of claims 1-27, wherein the IgA heavy chain
constant region exhibits binding to a FcaR expressed on an immune effector cell with increased affinity,
compared to a corresponding WT IgA antibody.

29. The antibody or the functional fragment thereof of any one of claims 1-28, wherein the IgA heavy chain
constant region comprises a modification of at least four naturally occurring glycosylation sites, as compared
to a corresponding wild type IgA.

30. The antibody or the functional fragment thereof of claim 29, wherein the at least four naturally occurring
glycosylation sites are four naturally occurring N-linked glycosylation sites.

31. The antibody or the functional fragment thereof of claim 29 or claim 30, wherein the at least four
naturally occurring glycosylation sites comprises a naturally occurring asparagine (N) amino acid residue.
32. The antibody or the functional fragment thereof of any one of claims 29-31, wherein the heavy chain
constant region comprises a modification of at least two naturally occurring N-linked glycosylation sites
within the IgA CH2 region, at least one naturally occurring N-linked glycosylation sites within the IgA CH3
region, and at least one naturally occurring N-linked glycosylation site within the IgA CH1 region, as
compared to a corresponding wild type IgA.

33. The antibody or the functional fragment thereof of any one of claims 29-32, wherein the IgA heavy chain
constant region comprises an amino acid substitution at amino acid residues:

N45.2, N114, N135, and N15.2, relative to the WT IgA heavy chain constant region comprising an amino
acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

34. The antibody or the functional fragment thereof of any one of claims 29-33, wherein the IgA heavy chain
constant region comprises a non-conservative amino acid substitution at amino acid residues: N45.2, N114,

N135, and N15.2, numbering according to IMGT scheme.
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35. The antibody or the functional fragment thereof of any one of claims 29-34, wherein the IgA heavy chain
constant region comprises:

i. a N45.2G amino acid substitution,

ii. a N114T amino acid substitution,

iii. a N135Q amino acid substitution, and

iv. an amino acid substitution selected from the group consisting of N15.2G, N15.2Q, and N15.2T, relative to
the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering
according to IMGT scheme.

36. The antibody or the functional fragment thereof of any one of claims 29-35, wherein the antibody or the
functional fragment thereof exhibits a greater circulating half-life compared to a corresponding IgA antibody
comprising at least one naturally occurring N-linked glycosylation site.

37. The antibody or the functional fragment thereof of any one of claims 29-36, wherein the antibody or the
functional fragment thereof induces increased antibody dependent cell mediated cytotoxicity (ADCC),
compared to a corresponding antibody comprising an IgG CH2 domain and an IgG CH3 domain.

38. The antibody or the functional fragment thereof of any one of claims 29-37, wherein the antibody or the
functional fragment thereof exhibits increased thermostability, compared to a corresponding IgA antibody
comprising at least one naturally occurring N-linked glycosylation site.

39. The antibody or the functional fragment thereof of any one of claims 29-38, wherein the antibody or the
functional fragment thereof exhibits decreased glycosylation, compared to a corresponding IgA antibody
comprising at least one naturally occurring N-linked glycosylation site.

40. The antibody or the functional fragment thereof of any one of claims 29-39, wherein the IgA heavy chain
constant region exhibits binding to a FcaR expressed on an immune effector cell with increased affinity,
compared to a corresponding IgA antibody comprising at least one naturally occurring N-linked glycosylation
site.

41. The antibody or the functional fragment thereof of any one of claims 1-40, wherein the IgA heavy chain
constant region comprises a modification of at least one naturally occurring cysteine (C) amino acid residue,
as compared to a corresponding wild type IgA.

42. The antibody or the functional fragment thereof of claim 41, wherein the modification is an amino acid
substitution or an amino acid deletion of the at least one naturally occurring cysteine (C) amino acid residue.
43. The antibody or the functional fragment thereof of claim 42, wherein the amino acid substitution is a non-
conservative amino acid substitution of the at least one naturally occurring cysteine (C) amino acid residue.
44. The antibody or the functional fragment thereof of any one of claims 41-43, wherein the at least one
naturally occurring cysteine amino acid residue is C147 or C86, relative to the WT IgA heavy chain constant

region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.
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45. The antibody or the functional fragment thereof of claim 44, wherein the IgA heavy chain constant region
comprises a C86S amino acid substitution, relative to the WT IgA heavy chain constant region comprising an
amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

46. The antibody or the functional fragment thereof of any one of claims 44-45, wherein the IgA heavy chain
constant region comprises a deletion of C147, relative to the WT IgA heavy chain constant region comprising
an amino acid sequence of SEQ ID NO: 1, numbering according to the IMGT scheme.

47. The antibody or the functional fragment thereof of any one of claims 44-46, wherein the antibody or the
functional fragment thereof exhibits decreased aggregation compared to a corresponding WT IgA antibody or
the functional fragment thereof.

48. The antibody or the functional fragment thereof of any one of claims 44-47, wherein the antibody or the
functional fragment thereof exhibits decreased aggregation with serum proteins compared to a corresponding
WT IgA construct.

49. The antibody or the functional fragment thereof of any one of claims 44-48, wherein the IgA heavy chain
constant region comprises a modification of at least two naturally occurring cysteine (C) amino acid residues,
as compared to a corresponding wild type IgA.

50. The antibody or the functional fragment thereof of claim 49, wherein the modification comprises an
amino acid substitution of one, or both of the at least two naturally occurring cysteine (C) amino acid
residues.

51. The antibody or the functional fragment thereof of claim 49, wherein the modification comprises a
deletion of one, or both of the at least two naturally occurring cysteine (C) amino acid residues.

52. The antibody or the functional fragment thereof of claim 49, wherein the IgA heavy chain constant region
comprises an amino acid substitution one of the at least two naturally occurring cysteine (C) amino acid
residues, and a deletion of one of the at least two naturally occurring cysteine (C) amino acid residues.

53. The antibody or the functional fragment thereof of any one of claims 49-52, wherein the at least two
naturally occurring cysteine amino acid residue are C147 and C86, relative to the WT IgA heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT
scheme.

54. The antibody or the functional fragment thereof of claim 53, wherein the IgA heavy chain constant region
comprises a deletion of C147, relative to the WT IgA heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

55. The antibody or the functional fragment thereof of claim 53, wherein the IgA heavy chain constant region
comprises an amino acid substitution of C86, relative to the WT IgA heavy chain constant region comprising

an amino acid sequence of SEQ ID NOs: 1, numbering according to IMGT scheme.
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56. The antibody or the functional fragment thereof of claim 53, wherein the IgA heavy chain constant region
comprises an amino acid substitution of the naturally occurring C86 amino acid residue, and a deletion of the
naturally occurring C147 amino acid residue, relative to the WT IgA heavy chain constant region comprising
an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

57. The antibody or the functional fragment thereof of claim 56, wherein the IgA heavy chain constant region
comprises an C86S amino acid substitution, relative to the WT IgA heavy chain constant region comprising
an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

58. The antibody or the functional fragment thereof of any one of claims 49-57, wherein the antibody or the
functional fragment thereof exhibits decreased aggregation compared to a corresponding WT IgA antibody.
59. The antibody or the functional fragment thereof of any one of claims 49-58, wherein the antibody or the
functional fragment thereof exhibits decreased aggregation with serum proteins compared to a corresponding
WT IgA antibody.

60. The antibody or the functional fragment thereof of any one of claims 1-59, wherein the IgA heavy chain
constant region comprises a modification of at least one naturally occurring tyrosine (Y) amino acid residue,
as compared to a corresponding wild type IgA.

61. The antibody or the functional fragment thereof of claim 60, wherein the modification is an amino acid
substitution or a deletion of the at least one naturally occurring tyrosine (Y) amino acid residue.

62. The antibody or the functional fragment thereof of claim 60, wherein the amino acid substitution is a non-
conservative amino acid mutation of the at least one naturally occurring tyrosine (Y) amino acid residue, as
compared to a WT IgA antibody.

63. The antibody or the functional fragment thereof of any one of claims 60-62, wherein the at least one
tyrosine residue is Y148, relative to the WT IgA heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

64. The antibody or the functional fragment thereof of claim 63, wherein amino acid Y148 is deleted, relative
to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering
according to IMGT scheme.

65. The antibody or the functional fragment thereof of any one of claims 60-64, wherein the antibody or the
functional fragment thereof exhibits decreased aggregation compared to a corresponding WT IgA antibody.
66. The antibody or the functional fragment thereof of any one of claims 60-65, wherein the antibody or the
functional fragment thereof exhibits decreased aggregation with serum proteins compared to a corresponding
WT IgA antibody.

67. The antibody or the functional fragment thereof of any one of claims 1-66, wherein the IgA heavy chain
constant region comprises a modification of at least one naturally occurring threonine (T) amino acid residue,

as compared to a corresponding wild type IgA antibody.
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68. The antibody or the functional fragment thereof of claim 67, wherein the modification comprises an
amino acid substitution or deletion of the at least one naturally occurring threonine (T) amino acid residue, as
compared to a corresponding wild type IgA antibody.

69. The antibody or the functional fragment thereof of claim 68, wherein the amino acid substitution is a non-
conservative amino acid substitution of the at least one naturally occurring threonine (T) amino acid residue.
70. The antibody or the functional fragment thereof of any one of claims 67-69, wherein the at least one
naturally occurring threonine amino acid residue is T116 or T16, relative to the WT IgA heavy chain constant
region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

71. The antibody or the functional fragment thereof of any one of claims 67-70, wherein the antibody or the
functional fragment thereof exhibits decreased aggregation compared to a corresponding WT IgA antibody.
72. The antibody or the functional fragment thereof of any one of claims 67-71, wherein the antibody or the
functional fragment thereof exhibits decreased aggregation with serum proteins compared to a corresponding
WT IgA antibody.

73. The antibody or the functional fragment thereof of any one of claims 1-72, wherein the IgA heavy chain
constant region comprises a modification of at least two naturally occurring threonine (T) amino acid
residues, as compared to a corresponding wild type IgA.

74. The antibody or the functional fragment thereof of claim 73, wherein the modification comprises an
amino acid substitution or a deletion of one, or both the at least two naturally occurring threonine (T) amino
acid residues.

75. The antibody or the functional fragment thereof of claim 74, wherein the amino acid substitution is a non-
conservative amino acid substitution of one, or both of the at least two naturally occurring threonine (T)
amino acid residues.

76. The antibody or the functional fragment thereof of any one of claims 73-75, wherein the at least two
naturally occurring threonine (T) amino acid residue are T116 or T16, relative to the WT IgA heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT
scheme.

77. The antibody or the functional fragment thereof of claim 76, wherein the IgA heavy chain constant region
comprises a T116S amino acid substitution, relative to the WT IgA heavy chain constant region comprising
an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

78. The antibody or the functional fragment thereof of claim 76, wherein the IgA heavy chain constant region
comprises a T16S amino acid substitution, relative to the WT IgA heavy chain constant region comprising an

amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.
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79. The antibody or the functional fragment thereof of any one of claims 1-78, wherein the IgA heavy chain
constant region comprises a modification of at least one naturally occurring isoleucine (I) amino acid residue,
as compared to a corresponding wild type IgA.

80. The antibody or the functional fragment thereof of claim 79, wherein the modification comprises an
amino acid substitution or a deletion of the at least one naturally occurring isoleucine (I) amino acid residue.
81. The antibody or the functional fragment thereof of claim 80, wherein the amino acid substitution
comprises a non-conservative amino acid substitution of the at least one naturally occurring isoleucine (I)
amino acid residue.

82. The antibody or the functional fragment thereof of any one of claims 79-81, wherein the at least one
naturally occurring isoleucine (I) residue is 1115, relative to the WT IgA heavy chain constant region
comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

83. The antibody or the functional fragment thereof of claim 82, wherein the IgA heavy chain constant region
comprises a I115L amino acid substitution, relative to the WT IgA heavy chain constant region comprising an
amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

84. The antibody or the functional fragment thereof of any one of claims 1-83, wherein the IgA heavy chain
constant region comprises a modification of at least one naturally occurring leucine (L) amino acid residue, as
compared to a corresponding wild type IgA.

85. The antibody or the functional fragment thereof of claim 84, wherein the modification comprises an
amino acid substitution or a deletion of the at least one naturally occurring leucine (L) amino acid residue.
86. The antibody or the functional fragment thereof of claim 85, wherein the amino acid substitution is a non-
conservative amino acid substitution of the at least one naturally occurring leucine (L) amino acid residue.
87. The antibody or the functional fragment thereof of any one of claims 84-86, wherein the at least one
naturally occurring leucine (L) residue is L.15.3, relative to the WT IgA heavy chain constant region
comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

88. The antibody or the functional fragment thereof of claim 87, wherein the IgA heavy chain constant region
comprises a L15.31 amino acid substitution, relative to a WT IgA heavy chain constant region comprising an
amino acid sequence of SEQ ID NO: 1-3, numbering according to IMGT scheme.

89. The antibody or the functional fragment thereof of any one of claims 1-88, wherein the IgA heavy chain
constant region comprises a modification of at least one naturally occurring proline (P) amino acid residue, as
compared to a corresponding wild type IgA.

90. The antibody or the functional fragment thereof of claim 89, wherein the IgA heavy chain constant region
comprises an amino acid substitution or a deletion of the at least one naturally occurring proline (P) amino

acid residue.
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91. The antibody or the functional fragment thereof of claim 89, wherein the amino acid substitution is a non-
conservative amino acid substitution of the at least one naturally occurring proline (P) amino acid residue.
92. The antibody or the functional fragment thereof of any one of claims 89-91, wherein the at least one
naturally occurring proline (P) residue is P124, relative to the WT IgA heavy chain constant region
comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

93. The antibody or the functional fragment thereof of claim 92, wherein the IgA heavy chain constant region
comprises a P124R amino acid substitution, relative to the WT IgA heavy chain constant region comprising
an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.

94. The antibody or the functional fragment thereof of any one of claims 89-93, wherein the antibody or the
functional fragment thereof exhibits greater stability, compared to a corresponding WT IgA antibody.

95. The antibody or the functional fragment thereof of any one of claims 89-94, wherein the antibody or the
functional fragment thereof exhibits greater stability between a heavy chain and a light chain, compared to a
corresponding WT IgA antibody.

96. The antibody or the functional fragment thereof of any one of claims 89-95, wherein the antibody or the
functional fragment thereof has a covalent linkage between the heavy chain and the light chain.

97. The antibody or the functional fragment thereof of any one of claims 89-96, wherein the antibody or the
functional fragment thereof comprises a disulfide bond between a cysteine (C) amino acid residue of the
heavy chain and a cysteine (C) amino acid residue of the light chain.

98. The antibody or the functional fragment thereof of any one of claims 1-97, wherein the IgA heavy chain
constant region comprises an amino acid sequence selected from any one of SEQ ID NOs: 16-21.

99. The antibody or the functional fragment thereof of any one of claims 1-98, wherein the antibody is an
allotype IgA2m(1) antibody or IgA2m(2).

100. The antibody or the functional fragment thereof of any one of claims 1-99, wherein the antibody is an
allotype Caucasian IgA2m(1) antibody.

101. The antibody or the functional fragment thereof of any one of claims 1-100, wherein the IgA heavy chain
constant region comprises a modification of a C-terminal IgA tail piece, as compared to a corresponding wild
type IgA.

102. The antibody or the functional fragment thereof of any one of claims 1-101, wherein the modification
comprises a deletion of the C-terminal 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 12, 10, 8, 6, 4, or 2 amino
acids.

103. The antibody or the functional fragment thereof of any one of claims 1-102, wherein the modification

comprises a deletion of the C-terminal 18 amino acids.
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104. The antibody or the functional fragment thereof of any one of claims 1-103, wherein the modification
comprises a deletion of C-terminal amino acid residues 131-148, relative to the WT IgA heavy chain constant
region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.
105. The antibody or the functional fragment thereof of any one of claims 1-104, wherein the IgA heavy chain
constant region comprises a deletion of the C-terminal amino acid residues P131-Y148 relative to the WT IgA
heavy chain constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to
IMGT scheme.
106. The antibody or the functional fragment thereof of any one of claims 1-105, wherein the IgA heavy chain
constant region comprises an IgA1 constant region comprising an IgA1 CH2 region and an IgA1 CH3 region.
107. The antibody or the functional fragment thereof of claim 106, wherein the IgA1 constant region further
comprises an IgA1 CH1 region.
108. The antibody or the functional fragment thereof of any one of claims 1-106, wherein the IgA heavy chain
constant region comprises an I[gA2 constant region comprising an IgA2 CH2 region and an IgA2 CH3 region.
109. The antibody or the functional fragment thereof of claim 108, wherein the IgA2 constant region further
comprises an IgA2 CH1 region.
110. The antibody or the functional fragment thereof of any one of claims 1-109, wherein the antibody or the
functional fragment thereof exhibits a circulating half-life within 1%, 5%, 10%, 20%, or 30% of the
circulating half-life of a corresponding antibody comprising the antigen binding domain and an IgA heavy
chain constant region comprising an IgG CH2 region and an IgG CH3 region.
111. An antibody or a functional fragment thereof comprising:
an antigen binding domain; and
b. aconstant domain, wherein the constant domain comprises an IgA2 heavy chain constant
region comprising an I[gA2 CH1 region, IgA2 CH2 region and an IgA2 CH3 region; wherein
the IgA2 heavy chain constant region comprises a N135Q amino acid substitution, numbering
according to IMGT scheme, as compared to a corresponding relative to the WT IgA heavy
chain constant region comprising an amino acid sequence of SEQ ID NO: 1.
112. The antibody or the functional fragment thereof of claim 111, wherein the heavy chain constant region
further comprises:
i. aN45.2G amino acid substitution,
ii. a N114T amino acid substitution,
iii. aI115L amino acid substitution,
iv. aT116S amino acid substitution, and
v. an amino acid substitution selected from the group consisting of N15.2G, N15.2Q,
and N15.2T,
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relative to the WT IgA2 heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1,
numbering according to IMGT scheme.
113. The antibody or the functional fragment thereof of claim 111 or claim 112, wherein the heavy chain
constant region further comprises:
i. aC86S amino acid substitution,
ii. aP124R amino acid substitution,
iii. adeletion of C147,
iv. adeletion of Y148,
v. aL15.3] amino acid substitution,
vi. aT16S amino acid substitution or
vii. a combination thereof,
relative to the WT IgA2 heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to IMGT scheme.
114. An antibody or a functional fragment thereof comprising:
a. an antigen binding domain; and
b. aconstant domain, wherein the constant domain comprises an IgA2 heavy chain constant
region comprising an IgA2 CH2 region and an IgA2 CH3 region, and wherein the IgA2
heavy chain constant region comprises:
i. aCB86S amino acid substitution,
ii. a N114T amino acid substitution,
iii. aI115L amino acid substitution,
iv. aT116S amino acid substitution, and
v. aN135Q amino acid substitution, relative to the WT IgA2 heavy chain constant
region comprising an amino acid sequence of SEQ ID NO: 1, numbering according
to IMGT scheme.
115. An antibody or a functional fragment thereof comprising:
an antigen binding domain; and
b. aconstant domain, wherein the constant domain comprises an IgA2 heavy chain constant
region comprising an IgA2 CH1 region, an IgA2 CH2 region, and an IgA CH3 region, and
wherein the IgA2 heavy chain constant region comprises:
i. aN45.2G amino acid substitution,
ii. a C86S amino acid substitution,

iii. a N114T amino acid substitution,
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iv. all15L amino acid substitution,
v. aT116S amino acid substitution,
vi. aN135Q amino acid substitution,
vii. a deletion of C147, and
viii. a deletion of Y148, relative to the WT IgA2 heavy chain constant region comprising
an amino acid sequence of SEQ ID NO: 1, numbering according to IMGT scheme.
116. The antibody or the functional fragment thereof of claim 115, wherein the IgA2 heavy chain constant
region comprises an amino acid sequence that is at least 95% identical to SEQ ID NO: 16.
117. An antibody or a functional fragment thereof comprising:
a. an antigen binding domain; and
b. aconstant domain, wherein the constant domain comprises an IgA2 heavy chain constant
region comprising an IgA2 CH1 region, an IgA2 CH2 region, and an IgA2 CH3 region, and
wherein the IgA2 heavy chain constant region comprises:
i. aN45.2G amino acid substitution,
ii. a C86S amino acid substitution,
iii. a N114T amino acid substitution,
iv. all15L amino acid substitution,
v. aT116S amino acid substitution, and
vi. adeletion of C-terminal tail piece, relative to the WT IgA2 heavy chain constant
region comprising an amino acid sequence of SEQ ID NO: 1, numbering according
to IMGT scheme.
118. The antibody or the functional fragment thereof of claim 117, wherein the deletion of C-terminal tail
piece comprises a deletion of C-terminal amino acid residues P131-Y148, relative to the WT IgA heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering according to the IMGT
scheme.
119. The antibody or the functional fragment thereof of claim 117 or claim 118, wherein the IgA2 heavy
chain constant region comprises an amino acid sequence that is at least 95% identical to SEQ ID NO: 17.
120. An antibody or a functional fragment thereof comprising:
a. an antigen binding domain; and
b. aconstant domain, wherein the constant domain comprises an IgA2 heavy chain constant
region comprising an IgA2 CH1 region, an IgA2 CH2 region, and an IgA2 CH3 region;
wherein the IgA2 heavy chain constant region comprises:
i. aN45.2G amino acid substitution,

ii. a N114T amino acid substitution,
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a I115L amino acid substitution,

a T116S amino acid substitution,

a N135Q amino acid substitution,

an amino acid substitution selected from the group consisting of N15.2G, N15.2Q,
and N15.2T,

a L.15.31 amino acid substitution, and

a T16S amino acid substitution,

relative to the WT IgA2 heavy chain constant region comprising an amino acid

sequence of SEQ ID NO: 1,

numbering according to the IMGT scheme.

121. An antibody or a functional fragment thereof comprising:

a. an antigen binding domain; and

b. aconstant domain, wherein the constant domain comprises an IgA2 heavy chain constant

region comprising an IgA2 CH1 region, an IgA2 CH2 region, and an IgA2 CH3 region, and

wherein the IgA2 heavy chain constant region comprises:

i
ii.
iii.
iv.

V.

Vi.
Vil.

Viil.

a N45.2G amino acid substitution,

a N114T amino acid substitution,

a I115L amino acid substitution,

a T116S amino acid substitution,

an amino acid substitution selected from the group consisting of N15.2G, N15.2Q,
and N15.2T,

a L15.3] amino acid substitution,

a T16S amino acid substitution, and

a deletion of C-terminal amino acids P131-Y148, relative to the WT IgA2 heavy
chain constant region comprising an amino acid sequence of SEQ ID NO: 1,

numbering according to the IMGT scheme.

122. The antibody of construct of claim 121, further comprising:

i
1i.
fii.
iv.

V.

a C86S amino acid substitution,
a P124R amino acid substitution,
a deletion of C147,

a deletion of Y148, or

a combination thereof,

relative to the WT IgA2 heavy chain constant region comprising an amino acid sequence of SEQ ID

NO: 1, numbering according to IMGT scheme.
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123. The antibody or the functional fragment thereof of claim 121 or claim 122, wherein the IgA2 heavy
chain constant region comprises an amino acid sequence that is at least 95% identical to a sequence selected
from any one of SEQ ID NOs: 18-21.

124. The antibody or the functional fragment thereof of any one of claims 121-123 wherein the antibody or
the functional fragment thereof is aglycosylated.

125. The antibody or the functional fragment thereof of any one of claims 121-124, wherein the antibody or
the functional fragment thereof has increased circulatory half life than a corresponding IgA comprising one or
more of wild type amino acid residues N45.2, N114, 1115, T116, N15.2, L15.3, T16, or a C-terminal amino
acid residues P131-Y148, numbering according to the IMGT scheme.

126. The antibody or the functional fragment thereof of any one of claims 121-125, wherein the antibody or
the functional fragment thereof induces increased antibody dependent cell mediated cytotoxicity (ADCC),
compared to a corresponding antibody comprising an IgG heavy chain constant domain.

127. The antibody or the functional fragment thereof of any one of claims 121-126, wherein the antibody or
the functional fragment thereof exhibits increased thermostability, compared to a corresponding IgA
comprising one or more of wild type amino acid residues N45.2, N114, 1115, T116, N15.2, L15.3, T16, or a
C-terminal amino acid residues P131-Y 148, numbering according to the IMGT scheme, numbering according
to the IMGT scheme.

128. The antibody or the functional fragment thereof of any one of claims 121-127, wherein the antibody or
the functional fragment thereof exhibits decreased glycosylation, compared to a corresponding IgA
comprising one or more of wild type amino acid residues N45.2, N114, 1115, T116, N15.2, L15.3, T16, or a
C-terminal amino acid residues P131-Y148, numbering according to the IMGT scheme.

129. The antibody or the functional fragment thereof of any one of claims 121-128, wherein the IgA heavy
chain constant region exhibits binding to FcaR expressed on an immune effector cell with increased affinity,
compared to a comprising one or more of wild type amino acid residues N45.2, N114, 1115, T116, N15.2,
L15.3, T16, or a C-terminal amino acid residues P131-Y 148, numbering according to the IMGT scheme.

130. The antibody or the functional fragment thereof of any one of claims 1-129, wherein the IgA heavy chain
constant region further comprises a hinge region.

131. The antibody or the functional fragment thereof of claim 130, wherein the hinge region comprises an
IgA hinge amino acid sequence or a variant or a fragment thereof.

132. The antibody or the functional fragment thereof of claim 131, wherein the hinge region comprises a
human IgA hinge amino acid sequence or a variant or a fragment thereof.

133. The antibody or the functional fragment thereof of claim 130 or 131, wherein the hinge is an IgA1 hinge

or an IgA2 hinge, or a variant or a fragment thereof.



10

15

20

25

30

WO 2020/197400 PCT/NL2020/050217

198

134. The antibody or the functional fragment thereof of any one of claims 1-133, wherein the constant domain
further comprises a light chain constant region.

135. The antibody or the functional fragment thereof of claim 134, wherein the light chain constant region is a
kappa light chain constant region, wherein the kappa light chain constant region comprises a sequence of SEQ
ID NO: 31

136. The antibody or the functional fragment thereof of any one of claims 1-135, wherein the IgA heavy chain
constant region further comprises one or more albumin binding regions.

137. The antibody or the functional fragment thereof of claim 136, wherein the one or more albumin binding
domains are fused to the C-terminus of the CH3 region.

138. The antibody or the functional fragment thereof of claim 136, wherein the constant region comprises the
light chain constant region and the one or more albumin binding domain is fused to the light chain constant
region.

139. The antibody or the functional fragment thereof of any one of claims 136-138, wherein the antibody or
the functional fragment thereof has a greater circulating half-life compared to a corresponding IgA antibody
that does not comprise the one or more albumin binding domains.

140. The antibody or the functional fragment thereof of any one of claims 1-139, wherein the antibody or the
functional fragment thereof exhibits decreased complement-dependent cytotoxicity (CDC) compared to a
corresponding antibody comprising an IgG heavy chain constant domain when measured in a suitable in vitro
CDC assay.

141. The antibody or the functional fragment thereof of any one of claims 1-140, wherein the antibody or the
functional fragment thereof exhibits increased antibody-dependent cell-mediated cytotoxicity (ADCC)
compared to a corresponding WT IgA antibody when measured in a suitable in vitro ADCC assay.

142. The antibody or the functional fragment thereof of any one of claims 1-141, wherein the antigen binding
domain comprises a heavy chain variable region and a light chain variable region.

143. The antibody or the functional fragment thereof of claim 142, wherein the heavy chain variable region
comprises at least one of complementarity determining regions (CDRs):

HC-CDR1 comprising an amino acid sequence selected from any one of SEQ ID NOs: 33-40,

HC-CDR2 comprising an amino acid sequence selected from any one of SEQ ID NOs: 41-48; and

HC-CDR3 comprising an amino acid sequence selected from any one of SEQ ID NOs: 49-56.

144. The antibody or the functional fragment thereof of claim 142 or claim 143, wherein the light chain
variable region comprises at least one of complementarity determining regions (CDRs):

LC-CDR1 comprising an amino acid sequence selected from any one of SEQ ID NOs: 57-64;

LC-CDR2 comprising an amino acid sequence selected from any one of SEQ ID NOs: 65-72; and

LC-CDR3 comprising an amino acid sequence selected from any one of SEQ ID NOs: 73-80.
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145. The antibody or the functional fragment thereof of any one of claims 142-144, wherein the heavy chain
variable region comprises a sequence having at least 95% identity to an amino acid sequence selected from
any one of SEQ ID NOs: 4, 7, 81-86.

146. The antibody or the functional fragment thereof of any one of claims 142-145, wherein the light chain
variable region comprises a sequence having at least 95% identity to an amino acid sequence selected from
any one of SEQ ID NOs: 5, 8, 95-100.

147. The antibody or the functional fragment thereof of any one of claims 143-146, wherein each of the heavy
chain and light chain CDRs are derived from an IgG antibody.

148. The antibody or the functional fragment thereof of any one of claims 142-147, wherein the heavy chain
variable region further comprises four framework regions (FWs): HC-FW1, HC-FW2, HC-FW3, and HC-
FW4.

149. The antibody or the functional fragment thereof of any one of claims 142-148, wherein the light chain
variable region further comprises four framework regions (FWs): LC-FW1, LC-FW2, LC-FW3, and LC-
FW4.

150. The antibody or the functional fragment thereof of any one of claims 148-149, wherein each the heavy
chain and light chain FW regions are derived from an IgG antibody.

151. The antibody or the functional fragment thereof of any one of claims 148-149, wherein each the heavy
chain and light chain FW regions are derived from an IgA antibody.

152. The antibody or the functional fragment thereof of any one of claims 1-150, wherein the antibody or the
functional fragment thereof is

153. The antibody is a chimeric antibody, a heavy chain antibody, a single chain antibody, a humanized
antibody, a human antibody, a monoclonal antibody, a deimmunized antibody, a bispecific antibody, a
multispecific antibody, a multivalent antibody, or a combination thereof.

154. The antibody or the functional fragment thereof of any one of claims 1-152, wherein the antigen-binding
fragment comprises a Fab, Fab’, Fab’-SH, Fv, scFv, F(ab)2, a diabody, a linear antibody, a single domain
antibodies (sdAb), a camelid VHH domain, or a multi-specific antibody formed from antibody fragments,
155. The antibody or the functional fragment thereof of any one of claims 1-153, wherein the variable domain
specifically binds to GD2, CD20, CD47, CD38, CD19, EGFR, HER2, PD-L1, or CD25.

156. The antibody or the functional fragment thereof of any one of claims 1-154, wherein the antibody or the
functional fragment thereof further comprises an enzyme, a substrate, cofactor, a fluorescent marker, a
chemiluminescent marker, a peptide tag, a magnetic particle, a drug, a toxin, a radionuclide, a binding site for
secondary antibodies, a metal binding domain, or a combination thereof.

157. A pharmaceutical composition of comprising the antibody or the functional fragment thereof of any one

of claims 1-155 and a pharmaceutically acceptable carrier.
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158. A method of treating a subject in need thereof, comprising administering to the subject a therapeutic
dose of the antibody or the functional fragment thereof of any one of claims 1-155 or the pharmaceutical
composition of claim 156.

159. The method of claim 156 or claim 157, wherein the antibody or the functional fragment thereof or the
pharmaceutical composition is cytolytic to a target cell.

160. The method of claim 158, wherein the target cell is a cancer cell.

161. The method of any one of claims 157-159, wherein the antibody or the functional fragment thereof or the
pharmaceutical composition inhibits tumor growth.

162. The method of any one of claims 157-160, wherein the antibody or the functional fragment thereof or the
pharmaceutical composition is administered subcutaneously, intravenously, intradermally, intraperitoneally,
orally, intramuscularly or intracranially.

163. The method of any one of claims 157-161, wherein the antibody or the functional fragment thereof or the
pharmaceutical composition is administered to the subject in combination with a second therapeutic agent.
164. The method of claim 162, wherein the second therapeutic agent comprises an anti-cancer agent, a
chemotherapeutic agent, radiation therapy, a cytotoxic agent, a NSAID, a corticosteroid, a dietary supplement
such as an antioxidant, or a combination thereof.

165. The method of any one of claims 162-163, wherein the second therapeutic agent is administered prior to,
concurrently, or after administering the antibody or the functional fragment thereof or the pharmaceutical
composition.

166. An isolated nucleic acid encoding the antibody or the functional fragment thereof of any one of claims 1-
155.

167. An isolated nucleic acid molecule encoding a heavy chain polypeptide, the isolated nucleic acid
molecule comprising a first nucleic acid sequence encoding a IgA heavy chain constant region, wherein the
first nucleic acid sequence is selected from any one of SEQ ID NOs: 25-32.

168. The isolated nucleic acid molecule of claim 166, further comprising a second nucleic acid sequence
encoding a variable heavy chain region, wherein the second nucleic acid sequence is selected from any one of
SEQ ID NOs:87-84.

169. A vector comprising the isolated nucleic acid molecule of any one of claims 165-167.

170. A host cell comprising the isolated nucleic acid molecule of any one of claims 165-167.

171. The host cell of claim 169, further comprising an isolated nucleic acid molecule encoding a light chain
polypeptide, wherein the isolated nucleic acid molecule encoding the light chain polypeptide comprises a
nucleic acid sequence encoding a variable light chain region, wherein the nucleic acid sequence is selected

from any one of SEQ ID NOs:101-108.
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172. The host cell of claim 170, wherein the isolated nucleic acid molecule encoding the light chain
polypeptide further comprises a nucleic acid sequence encoding a kappa light chain constant region, wherein
the nucleic acid sequence comprises a sequence of SEQ ID NO:32.

173. A host cell expressing the antibody or the functional fragment thereof of any one of claims 1-155.

174. The host cell of any one of claims 169-172, wherein the host cell is a bacterial cell or a mammalian cell.
175. The host cell of claim 173, wherein the host cell is a CHO cell, or a HEK293 cell.

176. A method of producing an antibody or the functional fragment thereof, the method comprising:

(a) culturing the host cell of any one of claims 169-174 in a medium under conditions permitting
expression of a polypeptide encoded by the isolated nucleic acid molecule and assembling of the antibody or
the functional fragment thereof; and

(b) purifying the antibody or the functional fragment thereof from the cultured host cell or the
medium of the host cell.

177. The method of claim 175, wherein the purifying is by size exclusion chromatography.

178. An antibody or a functional fragment thereof that selectively binds to a CD20 polypeptide or a variant
thereof, comprising:

(a) an IgA heavy chain constant region, wherein the IgA heavy chain constant region comprises an amino acid
sequence selected from any one of SEQ ID NOs:16-21; and

(b) a variable heavy chain region, wherein the variable heavy chain region comprises at least one of a
complementarity-determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 33, HC-CDR2 of SEQ ID
NO: 41, and HC-CDR3 of SEQ ID NO: 49;

(c) a variable light chain region, wherein the variable light chain region comprises at least one of a
complementarity-determining region light chain 1 (LC-CDR1) of SEQ ID NO:57, LC-CDR2 of SEQ ID
NO:65, and LC-CDR3 of SEQ ID NO:73; or

(d) the variable heavy chain of (b) and the variable light chain of (c).

179. The antibody or the functional fragment thereof of claim 177, wherein the variable heavy chain
comprises a polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO: 81, and the variable light chain comprises a polypeptide sequence having at least 95% sequence
identity to the amino acid sequence of SEQ ID NO: 95.

180. An antibody or a functional fragment thereof that selectively binds to a GD2 protein or a variant thereof,
comprising:

(a) an IgA heavy chain constant region, wherein the IgA heavy chain constant region comprises an amino acid

sequence selected from any one of SEQ ID NOs: 16-21; and
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(b) a variable heavy chain region, wherein the variable heavy chain region comprises at least one of a
complementarity-determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 34, HC-CDR?2 of SEQ ID
NO: 42, and HC-CDR3 of SEQ ID NO: 50;

(c) a variable light chain region, wherein the variable light chain region comprises at least one of a
complementarity-determining region light chain 1 (LC-CDR1) of SEQ ID NO: 58, LC-CDR2 of SEQ ID NO:
66, and LC-CDR3 of SEQ ID NO: 74; or

(d) the variable heavy chain of (b) and the variable light chain of (c).

181. The antibody or the functional fragment thereof of claim 180, wherein the variable heavy chain
comprises a polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO: 4, and the variable light chain comprises a polypeptide sequence having at least 95% sequence
identity to the amino acid sequence of SEQ ID NO: 5.

182. An antibody or a functional fragment thereof that selectively binds to a Her2 protein or a variant thereof,
comprising:

(a) an IgA heavy chain constant region, wherein the IgA heavy chain constant region comprises an amino acid
sequence selected from SEQ ID NOs: 16-21; and

(b) a variable heavy chain region, wherein the variable heavy chain region comprises at least one of a
complementarity-determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 35, HC-CDR2 of SEQ ID
NO: 43, and HC-CDR3 of SEQ ID NO: 51;

(c) a variable light chain region, wherein the variable light chain region comprises at least one of a
complementarity-determining region light chain 1 (LC-CDR1) of SEQ ID NO: 59, LC-CDR2 of SEQ ID NO:
67, and LC-CDR3 of SEQ ID NO: 75; or

(d) the variable heavy chain of (b) and the variable light chain of (c).

183. The antibody or the functional fragment thereof of claim 182, wherein the variable heavy chain
comprises a polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO: 82, and the variable light chain comprises a polypeptide sequence having at least 95% sequence
identity to the amino acid sequence of SEQ ID NO: 96.

184. An antibody or a functional fragment thereof that selectively binds to a gp75 protein or a variant thereof,
comprising:

(a) an IgA heavy chain constant region, wherein the IgA heavy chain constant region comprises an amino acid
sequence selected from SEQ ID NOs: 16-21; and

(b) a variable heavy chain region, wherein the variable heavy chain region comprises at least one of a
complementarity-determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 36, HC-CDR?2 of SEQ ID
NO: 44, and HC-CDR3 of SEQ ID NO: 52;
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(c) a variable light chain region, wherein the variable light chain region comprises at least one of a
complementarity-determining region light chain 1 (LC-CDR1) of SEQ ID NO: 60, LC-CDR2 of SEQ ID NO:
68, and LC-CDR3 of SEQ ID NO: 76; or

(d) the variable heavy chain of (b) and the variable light chain of (c).

185. The antibody or the functional fragment thereof of claim 184, wherein the variable heavy chain
comprises a polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO: 83, and the variable light chain comprises a polypeptide sequence having at least 95% sequence
identity to the amino acid sequence of SEQ ID NO: 97.

186. An antibody or a functional fragment thereof that selectively binds to a CTLA4 protein or a variant
thereof, comprising:

(a) an IgA heavy chain constant region, wherein the IgA heavy chain constant region comprises an amino acid
sequence selected from SEQ ID NOs: 16-21; and

(b) a variable heavy chain region, wherein the variable heavy chain region comprises at least one of a
complementarity-determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 37, HC-CDR2 of SEQ ID
NO: 45, and HC-CDR3 of SEQ ID NO: 53;

(c) a variable light chain region, wherein the variable light chain region comprises at least one of a
complementarity-determining region light chain 1 (LC-CDR1) of SEQ ID NO: 61, LC-CDR2 of SEQ ID NO:
69, and LC-CDR3 of SEQ ID NO: 77; or

(d) the variable heavy chain of (b) and the variable light chain of (c).

187. The antibody or the functional fragment thereof of claim 186, wherein the variable heavy chain
comprises a polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO: 84, and the variable light chain comprises a polypeptide sequence having at least 95% sequence
identity to the amino acid sequence of SEQ ID NO:98.

188. An antibody or a functional fragment thereof that selectively binds to a CD47 protein or a variant
thereof, comprising:

(a) an IgA heavy chain constant region, wherein the IgA heavy chain constant region comprises an amino acid
sequence selected from SEQ ID NOs:16-21; and

(b) a variable heavy chain region, wherein the variable heavy chain region comprises at least one of a
complementarity-determining region heavy chain 1 (HC-CDR1) of SEQ ID NO: 38, HC-CDR?2 of SEQ ID
NO: 46, and HC-CDR3 of SEQ ID NO: 54;

(c) a variable light chain region, wherein the variable light chain region comprises at least one of a
complementarity-determining region light chain 1 (LC-CDR1) of SEQ ID NO: 62, LC-CDR2 of SEQ ID NO:
70, and LC-CDR3 of SEQ ID NO: 78; or

(d) the variable heavy chain of (b) and the variable light chain of (c).
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189. The antibody or the functional fragment thereof of claim 188, wherein the variable heavy chain
comprises a polypeptide sequence having at least 95% sequence identity to the amino acid sequence of SEQ
ID NO: 85, and the variable light chain comprises a polypeptide sequence having at least 95% sequence
identity to the amino acid sequence of SEQ ID NO: 99.
190. An antibody or a functional fragment thereof comprising:
a. an antigen binding domain; and
b. aconstant domain, wherein the constant domain comprises an IgA2 heavy chain constant
region comprising an IgA2 CH1 region, an IgA2 CH2 region, and an IgA2 CH3 region, and
wherein the IgA2 heavy chain constant region comprises:
i. aN45.2G amino acid substitution,
ii. aN135Q amino acid substitution,
iii. adeletion of C147, and
iv. adeletion of Y148,
relative to the WT IgA2 heavy chain constant region comprising an amino acid
sequence of SEQ ID NO: 1, numbering according to IMGT scheme.
191. An antibody or a functional fragment thereof comprising:
a. an antigen binding domain; and
b. aconstant domain, wherein the constant domain comprises an IgA2 heavy chain constant
region comprising an IgA2 CH1 region, an IgA2 CH2 region, and an IgA2 CH3 region, and
wherein the IgA2 heavy chain constant region comprises:
i. aN45.2G amino acid substitution,
ii. aN114T amino acid substitution,
iii. aI115L amino acid substitution,
iv. aT116S amino acid substitution,
v. an amino acid substitution selected from the group consisting of N15.2G, N15.2Q,
and N15.2T, and
vi. adeletion of C-terminal amino acids P131-Y148, relative to the WT IgA heavy chain
constant region comprising an amino acid sequence of SEQ ID NO: 1, numbering
according to the IMGT scheme.
192. The antibody of construct of claim 191, further comprising:
i. aCB86S amino acid substitution,
ii. aP124R amino acid substitution,
iii. adeletion of C147,
iv. adeletion of Y148,
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v. aL15.3I amino acid substitution,
vi. aT16S amino acid substitution or
vii. a combination thereof,
relative to the WT IgA heavy chain constant region comprising an amino acid sequence of SEQ ID
NO: 1, numbering according to IMGT scheme.
193. The antibody or the functional fragment thereof of claim 191 or claim 192, wherein the IgA2 heavy
chain constant region comprises an amino acid sequence that is at least 95% identical to a sequence selected
from any one of SEQ ID NOs: 18-21.
194. The antibody or the functional fragment thereof of any one of claims 191-194 wherein the antibody or
the functional fragment thereof is aglycosylated.
195. The antibody or the functional fragment thereof of any one of claims 191-194, wherein the antibody or
the functional fragment thereof has increased circulatory half-life than a corresponding IgA comprising one or
more of wild type amino acid residues N45.2, N114, 1115, T116, N15.2, or a C-terminal amino acid residues
P131-Y148, numbering according to the IMGT scheme.
196. The antibody or the functional fragment thereof of any one of claims 121-125, wherein the antibody or
the functional fragment thereof induces increased antibody dependent cell mediated cytotoxicity (ADCC),
compared to a corresponding antibody comprising an IgG heavy chain constant domain.
197. The antibody or the functional fragment thereof of any one of claims 121-126, wherein the antibody or
the functional fragment thereof exhibits increased thermostability, compared to a corresponding IgA
comprising one or more of wild type amino acid residues N45.2, N114, I115, T116, N15.2, or a C-terminal
amino acid residues P131-Y148, numbering according to the IMGT scheme, numbering according to the
IMGT scheme.
198. The antibody or the functional fragment thereof of any one of claims 121-127, wherein the antibody or
the functional fragment thereof exhibits decreased glycosylation, compared to a corresponding IgA
comprising one or more of wild type amino acid residues N45.2, N114, 1115, T116, N15.2, or a C-terminal

amino acid residues P131-Y148, numbering according to the IMGT scheme.



