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COMPOSITIONS AND METHODS RELATED TO ENGINEERED Fc-ANTIGEN BINDING DOMAIN
CONSTRUCTS TARGETED TO CTLA-4

Cytotoxic T-lymphocyte antigen-4 (CTLA-4) is a key negative regulator of immune responses. It is
induced upon activation on T cells and constitutively expressed on T regulatory (Treg) cells. Through the
interaction with its ligands B7.1 and B7.2, CTLA-4 reduces cell proliferation and functional activity.
Chronic exposure to antigens, as is common in cancer, drives sustain expression of CTLA-4 on T cells
making them unable to respond and attack tumor cells thus favoring a pro-tumor environment. It is also
well established that due to the suppressor activity of Tregs, their presence in the tumors further prevents
mounting an adequate anti-tumor immune response. Blockade of the CTLA-4/B7.1 and B7.2 interactions
result in a functional reversal or reactivation of T cells.

Yervoy® (Ipilimumab) is an IgG1 mAb against CTLA-4 approved for the treatment of metastatic
melanoma. Pre-clinical and clinical data have shown that two of the major mechanisms of action for
ipilimumab are the blockade of CTLA-4 through the F(ab) domains and the induction of antibody-
dependent cell cytotoxicity (ADCC) through the Fc domain. The ADCC is thought to lead to the killing of

CTLA-4-expressing Treg as well as possibly Killing of CTLA-4-expressing tumor cells.

Summary of the Disclosure

The present disclosure features compositions and methods for combining a CTLA4 binding
domain with at least two Fc domains to generate new therapeutics with unique biological activity.

In some instances, the present disclosure contemplates combining a CTLA4 binding domain,
(e.g., a CTLA4 binding domain of a known therapeutic CTLA4 antibody), with at least two Fc domains to
generate a novel therapeutic. To generate such constructs, the disclosure provides various methods for
the assembly of constructs having at least two, e.g., multiple, Fc domains, and to control
homodimerization and heterodimerization of such, to assemble molecules of discrete size from a limited
number of polypeptides. The properties of these constructs allow for the efficient generation of
substantially homogenous pharmaceutical compositions. Such homogeneity in a pharmaceutical
composition is desirable in order to ensure the safety, efficacy, uniformity, and reliability of the
pharmaceutical composition.

In a first aspect, the disclosure features an Fc-antigen binding domain construct including
enhanced effector function, where the Fc-antigen binding domain construct includes a CTLA4 binding
domain and a first Fc domain joined to a second Fc domain by a linker, where the Fc-antigen binding
domain construct has enhanced effector function in an antibody-dependent cytotoxicity (ADCC) assay, an
antibody-dependent cellular phagocytosis (ADCP), and/or complement-dependent cytotoxicity (CDC)

assay relative to a construct having a single Fc domain and the CTLA4 binding domain.
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In a second aspect, the disclosure features a composition including a substantially homogenous
population of an Fc-antigen binding domain construct including a CTLA4 binding domain and a first Fc
domain joined to a second Fc domain by a linker.

In a third aspect, the disclosure features an Fc-antigen binding domain construct including a
CTLA4 binding domain and a first Fc domain joined to a second Fc domain by a linker, where the Fc-
antigen binding domain construct includes a biological activity that is not exhibited by a construct having a
single Fc domain and the CTLA4 binding domain.

In a fourth aspect, the disclosure features a composition including a substantially homogenous
population of an Fc-antigen binding domain construct including a) a first polypeptide including i) a first Fc
domain monomer, ii) a second Fc domain monomer, and iii) a linker joining the first Fc domain monomer
and the second Fc domain monomer; b) a second polypeptide including a third Fc domain monomer; ¢) a
third polypeptide including a fourth Fc domain monomer; and d) a CTLA4 binding domain joined to the
first polypeptide, second polypeptide, or third polypeptide; where the first Fc domain monomer and the
third Fc domain monomer combine to form a first Fc domain and the second Fc domain monomer and the
fourth Fc domain monomer combine to form a second Fc domain.

In some embodiments of the fourth aspect, the CTLA4 binding domain is joined to the first
polypeptide and the second polypeptide or the third polypeptide, or to the second polypeptide and the
third polypeptide, or the CTLA4binding domain is joined to the first polypeptide, the second polypeptide,
and the third polypeptide.

In a fifth aspect, the disclosure features an Fc-antigen binding domain construct including
enhanced effector function, where the Fc-antigen binding domain construct includes: a) a first polypeptide
including i) a first Fc domain monomer, ii) a second Fc domain monomer, and iii) a linker joining the first
Fc domain monomer and the second Fc domain monomer; b) a second polypeptide including a third Fc
domain monomer; c¢) a third polypeptide including a fourth Fc domain monomer; and d) a CTLA4 binding
domain joined to the first polypeptide, second polypeptide, or third polypeptide; where the first Fc domain
monomer and the third Fc domain monomer combine to form a first Fc domain and the second Fc domain
monomer and the fourth Fc domain monomer combine to form a second F¢c domain, and where the Fc-
antigen binding domain construct has enhanced effector function in an antibody-dependent cytotoxicity
(ADCC) assay, an antibody-dependent cellular phagocytosis (ADCP), and/or complement-dependent
cytotoxicity (CDC) assay relative to a construct having a single Fc domain and the CTLA4 binding
domain.

In some embodiments of the fifth aspect, the single Fc domain construct is an antibody.

In a sixth aspect, the disclosure features an Fc-antigen binding domain construct including: a) a
first polypeptide including i) a first Fc domain monomer, ii) a second Fc domain monomer, and iii) a linker
joining the first Fc domain monomer and the second Fc domain monomer; b) a second polypeptide
including a third Fc domain monomer; ¢) a third polypeptide including a fourth Fc domain monomer; and

d) a CTLA4 binding domain joined to the first polypeptide, second polypeptide, or third polypeptide;
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where the first Fc domain monomer and the third Fc domain monomer combine to form a first Fc domain
and the second Fc domain monomer and the fourth Fc domain monomer combine to form a second Fc
domain, and where the Fc-antigen binding domain construct includes a biological activity that is not
exhibited by a construct having a single Fc domain and the CTLA4 binding domain.

In some embodiments of the sixth aspect, the biological activity is an Fc receptor mediated
effector function, such as ADCC, ADCP and/or CDC activity (e.g., ADCC and ADCP activity, ADCC and
CDC activity, ADCP and CDC activity, or ADCC, ADCP, and CDC activity).

In a seventh aspect, the disclosure features an Fc-antigen binding domain construct including: a)
a first polypeptide including: i) a first Fc domain monomer, ii) a second Fc domain monomer, and iii) a
spacer joining the first Fc domain monomer and the second Fc domain monomer; b) a second
polypeptide including a third Fc domain monomer; ¢) a third polypeptide including a fourth Fc domain
monomer; and d) a CTLA4 binding domain joined to the first polypeptide, second polypeptide, or third
polypeptide; where the first Fc domain monomer and the third Fc domain monomer combine to form a
first Fc domain and the second Fc domain monomer and the fourth Fc domain monomer combine to form
a second Fc domain.

In some embodiments of the fifth, sixth, and seventh aspects of the disclosure, the CTLA4
binding domain is joined to the first polypeptide and the second polypeptide or the third polypeptide, or to
the second polypeptide and the third polypeptide, or the CTLA4 binding domain is joined to the first
polypeptide, the second polypeptide, and the third polypeptide.

In some embodiments of the first, second, third and fourth aspects of the disclosure, the CTLA4
binding domain is a Fab or the V4 of a Fab.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the binding
domain is part of the amino acid sequence of the first, second, or third polypeptide, and, in some
embodiments, CTLA4 binding domain is a scFv.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the CTLA4
binding domain includes a Vv domain and a Cx1 domain, and where the Vi and Cx1 domains are part of
the amino acid sequence of the first, second, or third polypeptide. In some embodiments, the CTLA4
binding domain further includes a V. domain, where, in some embodiments the Fc-antigen binding
domain construct includes a fourth polypeptide including the VL domain. In some embodiments, the Vy
domain includes a set of CDR-H1, CDR-H2 and CDR-H3 sequences set forth in Table 1, the Vi domain
includes CDR-H1, CDR-H2, and CDR-H3 of a VH domain including a sequence of an antibody set forth in
Table 2, the Vi domain includes CDR-H1, CDR-H2, and CDR-H3 of a V1 sequence of an antibody set
forth in Table 2, and the V1 sequence, excluding the CDR-H1, CDR-H2, and CDR-H3 sequence, is at
least 95% identical, at least 97% identical, at least 99% identical, or at least 99.5% identical to the Vn
sequence of an antibody set forth in Table 2, or the V4 domain includes a V4 sequence of an antibody set
forth in Table 2.
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In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the CTLA4
binding domain includes a set of CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences
set forth in Table 1, CTLA4 binding domain includes CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and
CDR-L3 sequences from a set of a Vy and a VL sequence of an antibody set forth in Table 2, the CTLA4
binding domain includes a Vv domain including CDR-H1, CDR-H2, and CDR-H3 of a V1 sequence of an
antibody set forth in Table 2, and a VL domain including CDR-L1, CDR-L2, and CDR-L3 of a VL sequence
of an antibody set forth in Table 2, where the Vu and the V. domain sequences, excluding the CDR-H1,
CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences, are at least 95% identical, at least 97%
identical, at least 99% identical, or at least 99.5% identical to the V4 and VL sequences of an antibody set
forth in Table 2, or CTLA4 binding domain includes a set of a Vv and a VL sequences of an antibody set
forth in Table 2.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the Fc-
antigen binding domain construct, further includes an IgG C. antibody constant domain and an IgG Cn1
antibody constant domain, where the IgG Crx1 antibody constant domain is attached to the N-terminus of
the first polypeptide or the second polypeptide by way of a linker.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the first Fc
domain monomer and the third Fc domain monomer include complementary dimerization selectivity
modules that promote dimerization between the first Fc domain monomer and the third Fc domain
monomer.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the second
Fc domain monomer and the fourth Fc domain monomer include complementary dimerization selectivity
modules that promote dimerization between the second Fc domain monomer and the fourth Fc domain
monomer.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the
dimerization selectivity modules include an engineered cavity into the C13 domain of one of the Fc
domain monomers and an engineered protuberance into the C43 domain of the other of the Fc domain
monomers, where the engineered cavity and the engineered protuberance are positioned to form a
protuberance-into-cavity pair of Fc domain monomers. In some embodiments, the engineered
protuberance includes at least one modification selected from S354C, T366W, T366Y, T394W, T394F,
and F405W, and the engineered cavity includes at least one modification selected from Y349C, T366S,
L368A, Y407V, Y407T, Y407A, F405A, and T394S. In some embodiments, one of the Fc domain
monomers includes Y407V and Y349C and the other of the Fc domain monomers includes T366W and
S354C.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the
dimerization selectivity modules include a negatively-charged amino acid into the C13 domain of one of
the domain monomers and a positively-charged amino acid into the C13 domain of the other of the Fc

domain monomers, where the negatively-charged amino acid and the positively-charged amino acid are
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positioned to promote formation of an Fc domain. In some embodiments, each of the first Fc domain
monomer and third F¢c domain monomer includes D399K and either K409D or K409E, each of the first Fc
domain monomer and third Fc domain monomer includes K392D and D399K, each of the first Fc domain
monomer and third F¢c domain monomer includes E357K and K370E, each of the first Fc domain
monomer and third F¢c domain monomer includes D356K and K439D, each of the first Fc domain
monomer and third F¢c domain monomer includes K392E and D399K, each of the first Fc domain
monomer and third F¢c domain monomer includes E357K and K370D, each of the first Fc domain
monomer and third F¢c domain monomer includes D356K and K439E, each of the second Fc domain
monomer and fourth Fc domain monomer includes S354C and T366WV and the third and fourth
polypeptides each include Y349C, T366S, L368A, and Y407V, each of the third and fourth polypeptides
includes S354C and T366W and the second Fc domain monomer and fourth Fc domain monomer each
include Y349C, T3668S, L368A, and Y407V, each of the second Fc domain monomer and fourth Fc
domain monomer includes E357K or E357R and the third and fourth polypeptides each include K370D or
K370E, each of the second Fc domain monomer and fourth Fc domain monomer include K370D or
K370E and the third and fourth polypeptides each include E357K or 357R, each of the second Fc domain
monomer and fourth Fc domain monomer include K409D or K409E and the third and fourth polypeptides
each include D399K or D399R, or each of the second Fc domain monomer and fourth F¢c domain
monomer include D399K or D399R and the third and fourth polypeptides each include K409D or K409E.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the second
polypeptide and the third polypeptide have the same amino acid sequence.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, one or
more linker in the Fc-antigen binding domain construct is a bond.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, one or
more linker in the Fc-antigen binding domain construct is a spacer. In some embodiments, the spacer
includes a polypeptide having the sequence GGGGGGGGGGGGGGGGGGEG, GGGGS, GGSG,
SGGG, GSGS, GSGSGS, GSGSGSGS, GSGSGSGSGS, GSGSGSGSGSGS, GGSGGS,
GGSGGSGGS, GGSGGSGGSGGS, GGSG, GGSG, GGSGGGSG,
GGSGGGSGGGSGGGGGSGGGGSGGGGSGGGGS, GENLYFQSGG, SACYCELS, RSIAT,
RPACKIPNDLKQKVMNH, GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG,
AAANSSIDLISVPVDSR, GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS,
GGGSGGGSGGGS, SGGGSGGGSGGGSGGGSGGG, GGSGGGSGGGSGGGSGGS, GGGG,
GGGGGGGEG, GGGGGGGGGGGG, or GGGGGGGGGGGGEGGGE. In some embodiments, the spacer
is a glycine spacer, for example, one consisting of 4 to 30, 8 to 30, or 12 to 30 glycine residues, such as a
spacer consisting of 20 glycine residues.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the CTLA4
binding domain is joined to the Fc domain monomer by a linker. In some embodiments, the linker is a

spacer.
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In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, at least
one of the Fc domains includes at least one amino acid modification at position 1253. In some
embodiments, the each amino acid modification at position 1253 is independently selected from [253A,
1253C, 1253D, 1253E, 1253F, 1253G, 1253H, 1253, 1253K, 1253L, 1253M, 1253N, 1253P, 1253Q, I1253R,
12538, 1253T, 1253V, 1253W, and 1253Y. In some embodiments, each amino acid modification at position
1253 is I1253A.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, at least
one of the Fc domains includes at least one amino acid modification at position R292. In some
embodiments, each amino acid modification at position R292 is independently selected from R292D,
R292E, R292L, R292P, R292Q, R292R, R292T, and R292Y. In some embodiments, each amino acid
modification at position R292 is R292P.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, one or
more of the Fc domain monomers includes an IgG hinge domain, an IgG Cx2 antibody constant domain,
and an IgG Cx3 antibody constant domain. In some embodiments, each of the Fc domain monomers
includes an IgG hinge domain, an IgG Cx2 antibody constant domain, and an IgG Cux3 antibody constant
domain. In some embodiments, the IgG is of a subtype selected from the group consisting of IgG1,
1gG2a, IgG2b, 1gG3, and 1gG4.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the N-
terminal Asp in each of the fourth, fifth, sixth, and seventh polypeptides is mutated to Gin.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, one or
more of the fourth, fifth, sixth, and seventh polypeptides lack a C-terminal lysine. In some embodiments,
each of the fourth, fifth, sixth, and seventh polypeptides lacks a C-terminal lysine.

In some embodiments of the fourth, fifth, sixth, and seventh aspects of the disclosure, the Fc-
antigen binding domain construct further includes an albumin-binding peptide joined to the N-terminus or
C-terminus of one or more of the polypeptides by a linker.

In an eighth aspect, the disclosure features a cell culture medium including a population of Fc-
antigen binding domain constructs, where at least 50% of the Fc-antigen binding domain constructs, on a
molar basis, are structurally identical, and where the Fc-antigen binding domain constructs are present in
the culture medium at a concentration of at least 0.1 mg/L, 10 mg/L, 25 mg/L, 50 mg/L, 75 mg/L, or 100
mg/L.

In some embodiments of the eighth aspect of the disclosure, at least 75%%, at least 85%, or at
least 95% of the Fc-antigen binding domain constructs, on a molar basis, are structurally identical.

In a ninth aspect, the disclosure features a cell culture medium including a population of Fc-
antigen binding domain constructs, where at least 50% of the Fc-antigen binding domain constructs, on a
molar basis, include: a) a first polypeptide including i) a first Fc domain monomer, ii) a second Fc domain
monomer, and iii) a linker joining the first Fc domain monomer and the second Fc domain monomer; b) a

second polypeptide including a third Fc domain monomer; c¢) a third polypeptide including a fourth Fc
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domain monomer; and d) a CTLA4 binding domain joined to the first polypeptide, second polypeptide, or
third polypeptide; where the first Fc domain monomer and the third Fc domain monomer combine to form
a first Fc domain and the second Fc domain monomer and the fourth Fc domain monomer combine to
form a second Fc domain.

In some embodiments of the ninth aspect of the disclosure at least 75%, at least 85%, or at least
95% of the Fc-antigen binding domain constructs, on a molar basis, include the first Fc domain, the
second Fc domain, and the CTLA4 binding domain.

In a tenth aspect, the disclosure features a method of manufacturing an Fc-antigen binding
domain construct, the method including: a) culturing a host cell expressing: (1) a first polypeptide
including i) a first Fc domain monomer, ii) a second Fc domain monomer, and iii) a linker joining the first
Fc domain monomer and the second Fc domain monomer; (2) a second polypeptide including a third Fc
domain monomer; (3) a third polypeptide including a fourth Fc domain monomer; and (4) a CTLA4
binding domain; where the first Fc domain monomer and the third Fc domain monomer combine to form a
first Fc domain and the second Fc domain monomer and the fourth Fc domain monomer combine to form
a second Fc domain; where the CTLA4 binding domain is joined to the first polypeptide, second
polypeptide, or third polypeptide, thereby forming an Fc-antigen binding domain construct; and where at
least 50% of the Fc-antigen binding domain constructs in a cell culture supernatant, on a molar basis, are
structurally identical, and b) purifying the Fc-antigen binding domain construct from the cell culture
supernatant.

In some embodiments of the ninth and tenth aspects of the disclosure, the CTLA4 binding domain
is joined to the first polypeptide and the second polypeptide or the third polypeptide, or to the second
polypeptide and the third polypeptide, or the CTLA4 binding domain is joined to the first polypeptide, the
second polypeptide, and the third polypeptide.

In some embodiments of the ninth and tenth aspects of the disclosure, the CTLA4 binding domain
is a Fab or a V.

In some embodiments of the ninth and tenth aspects of the disclosure, the CTLA4 binding domain
is part of the amino acid sequence of the first, second, or third polypeptide, and, in some embodiments,
the CTLA4 binding domain is a scFv.

In some embodiments of the ninth and tenth aspects of the disclosure, CTLA4 binding domain
includes a Vi domain and a Cx1 domain, and where the Vy and Cx1 domains are part of the amino acid
sequence of the first, second, or third polypeptide. In some embodiments, the CTLA4 binding domain
further includes a VL domain, where, in some embodiments the Fc-antigen binding domain construct
includes a fourth polypeptide including the VL. domain. In some embodiments, the Vy domain includes a
set of CDR-H1, CDR-H2 and CDR-H3 sequences set forth in Table 1, the V4 domain includes CDR-H1,
CDR-H2, and CDR-H3 of a VH domain including a sequence of an antibody set forth in Table 2, the Vx
domain includes CDR-H1, CDR-H2, and CDR-H3 of a V1 sequence of an antibody set forth in Table 2,
and the V1 sequence, excluding the CDR-H1, CDR-H2, and CDR-H3 sequence, is at least 95% identical,
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at least 97% identical, at least 99% identical, or at least 99.5% identical to the V1 sequence of an
antibody set forth in Table 2, or the V4 domain includes a Vi sequence of an antibody set forth in Table 2.

In some embodiments of the ninth and tenth aspects of the disclosure, the CTLA4 binding domain
includes a set of CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences set forth in
Table 1, CTLA4 binding domain includes CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3
sequences from a set of a Vv and a VL sequences of an antibody set forth in Table 2, CTLA4 binding
domain includes a Vi domain including CDR-H1, CDR-H2, and CDR-H3 of a Vx sequence of an antibody
set forth in Table 2, and a VL domain including CDR-L1, CDR-L2, and CDR-L3 of a VL sequence of an
antibody set forth in Table 2, where the Vy and the VL domain sequences, excluding the CDR-H1, CDR-
H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences, are at least 95% identical, at least 97%
identical, at least 99% identical, or at least 99.5% identical to the V4 and VL sequences of an antibody set
forth in Table 2, or the CTLA4 binding domain includes a set of a V4 and a VL sequence of an antibody
set forth in Table 2.

In some embodiments of the ninth and tenth aspects of the disclosure, the Fc-antigen binding
domain construct, further includes an IgG C. antibody constant domain and an IgG Cx1 antibody constant
domain, where the IgG Cu1 antibody constant domain is attached to the N-terminus of the first
polypeptide or the second polypeptide by way of a linker.

In some embodiments of the ninth and tenth aspects of the disclosure, the first Fc domain
monomer and the third Fc domain monomer include complementary dimerization selectivity modules that
promote dimerization between the first Fc domain monomer and the third Fc domain monomer.

In some embodiments of the ninth and tenth aspects of the disclosure, the second Fc domain
monomer and the fourth Fc domain monomer include complementary dimerization selectivity modules
that promote dimerization between the second Fc domain monomer and the fourth Fc domain monomer.

In some embodiments of the ninth and tenth aspects of the disclosure, the dimerization selectivity
modules include an engineered cavity into the C43 domain of one of the Fc domain monomers and an
engineered protuberance into the C13 domain of the other of the Fc domain monomers, where the
engineered cavity and the engineered protuberance are positioned to form a protuberance-into-cavity pair
of Fc domain monomers. In some embodiments, the engineered protuberance includes at least one
modification selected from S354C, T366W, T366Y, T394W, T394F, and F405W, and the engineered
cavity includes at least one modification selected from Y349C, T366S, L368A, Y407V, Y407T, Y407A,
F405A, and T394S. In some embodiments, one of the Fc domain monomers includes Y407V and Y349C
and the other of the Fc domain monomers includes T366VV and S354C.

In some embodiments of the ninth and tenth aspects of the disclosure, the dimerization selectivity
modules include a negatively-charged amino acid into the C43 domain of one of the domain monomers
and a positively-charged amino acid into the C43 domain of the other of the Fc domain monomers, where
the negatively-charged amino acid and the positively-charged amino acid are positioned to promote

formation of an Fc domain. In some embodiments, each of the first Fc domain monomer and third Fc
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domain monomer includes D399K and either K409D or K409E, each of the first Fc domain monomer and
third Fc domain monomer includes K392D and D399K, each of the first Fc domain monomer and third Fc
domain monomer includes E357K and K370E, each of the first Fc domain monomer and third Fc domain
monomer includes D356K and K439D, each of the first Fc domain monomer and third Fc domain
monomer includes K392E and D399K, each of the first Fc domain monomer and third Fc domain
monomer includes E357K and K370D, each of the first Fc domain monomer and third Fc domain
monomer includes D356K and K439E, each of the second Fc domain monomer and fourth Fc domain
monomer includes S354C and T366W and the third and fourth polypeptides each include Y349C, T366S,
L368A, and Y407V, each of the third and fourth polypeptides includes S354C and T366VV and the second
Fc domain monomer and fourth Fc domain monomer each include Y349C, T366S, L368A, and Y407V,
each of the second Fc domain monomer and fourth Fc domain monomer includes E357K or E357R and
the third and fourth polypeptides each include K370D or K370E, each of the second Fc domain monomer
and fourth Fc domain monomer include K370D or K370E and the third and fourth polypeptides each
include E357K or 357R, each of the second Fc domain monomer and fourth Fc domain monomer include
K409D or K409E and the third and fourth polypeptides each include D399K or D399R, or each of the
second Fc domain monomer and fourth Fc domain monomer include D399K or D399R and the third and
fourth polypeptides each include K409D or K409E.

In some embodiments of the ninth and tenth aspects of the disclosure, the second polypeptide
and the third polypeptide have the same amino acid sequence.

In some embodiments of the ninth and tenth aspects of the disclosure, one or more linker in the
Fc-antigen binding domain construct is a bond.

In some embodiments of the ninth and tenth aspects of the disclosure, one or more linker in the
Fc-antigen binding domain construct is a spacer. In some embodiments, the spacer includes a
polypeptide having the sequence GGGGGGGGGGGGGGGGGGGG, GGGGS, GGSG, SGGG, GSGS,
GSGSGS, GSGSGSGS, GSGSGSGSGS, GSGSGSGSGSGS, GGSGGS, GGSGGSGGS,
GGSGGSGGSGGS, GGSG, GGSG, GGSGGGSG,
GGSGGGSGGGSGGGGGSGGGGSGGGGSGGGGS, GENLYFQSGG, SACYCELS, RSIAT,
RPACKIPNDLKQKVMNH, GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG,
AAANSSIDLISVPVDSR, GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS,
GGGSGGGSGGGS, SGGGSGGGSGGGSGGGSGGG, GGSGGGSGGGSGGGSGGS, GGGG,
GGGGGGGEG, GGGGGGGGGGGG, or GGGGGGGGGGGGEGGEGE. In some embodiments, the spacer
is a glycine spacer, for example, one consisting of 4 to 30, 8 to 30, or 12 to 30 glycine residues, such as a
spacer consisting of 20 glycine residues.

In some embodiments of the ninth and tenth aspects of the disclosure, the CTLA4 binding domain
is joined to the Fc domain monomer by a linker. In some embodiments, the linker is a spacer.

In some embodiments of the ninth and tenth aspects of the disclosure, at least one of the Fc
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amino acid modification at position 1253 is independently selected from 1253A, 1253C, 1253D, 1253E,
1253F, 1253G, 1253H, 1253, 1253K, 1253L, 1253M, 1253N, 1253P, 1253Q, 1253R, 12538, 1253T, 1253V,
1253W, and 1253Y. In some embodiments, each amino acid modification at position 1253 is [253A.

In some embodiments of the ninth and tenth aspects of the disclosure, at least one of the Fc
domains includes at least one amino acid modification at position R292. In some embodiments, each
amino acid modification at position R292 is independently selected from R292D, R292E, R292L, R292P,
R292Q, R292R, R292T, and R292Y. In some embodiments, each amino acid modification at position
R292 is R292P.

In some embodiments of the ninth and tenth aspects of the disclosure, one or more of the Fc
domain monomers includes an IgG hinge domain, an IgG Cx2 antibody constant domain, and an IgG Cn3
antibody constant domain. In some embodiments, each of the Fc domain monomers includes an IgG
hinge domain, an IgG Cx2 antibody constant domain, and an IgG Cx3 antibody constant domain. In
some embodiments, the IgG is of a subtype selected from the group consisting of IgG1, IgG2a, 1gG2b,
IgG3, and IgG4.

In some embodiments of the ninth and tenth aspects of the disclosure, the N-terminal Asp in each
of the first, second, third, and fourth polypeptides is mutated to Gin.

In some embodiments of the ninth and tenth aspects of the disclosure, one or more of the first,
second, third, and fourth polypeptides lack a C-terminal lysine. In some embodiments, each of the first,
second, third, and fourth polypeptides lacks a C-terminal lysine.

In some embodiments of the ninth and tenth aspects of the disclosure, the Fc-antigen binding
domain construct further includes an albumin-binding peptide joined to the N-terminus or C-terminus of
one or more of the polypeptides by a linker.

In some embodiments of the eleventh aspect of the disclosure, the first Fc domain monomer and
the third Fc domain monomer include complementary dimerization selectivity modules that promote
dimerization between the first Fc domain monomer and the third Fc domain monomer, where the second
Fc domain monomer and the fourth Fc domain monomer include complementary dimerization selectivity
modules that promote dimerization between the second Fc domain monomer and the fourth Fc domain
monomer, and where the second polypeptide and the third polypeptide have different amino acid
sequences.

In some embodiments of the eleventh aspect of the disclosure, the first CTLA4 binding domain is
joined to the first polypeptide and the second CTLA4 binding domain is joined to the second polypeptide
and the third polypeptide.

In some embodiments of the eleventh aspect of the disclosure each of the second Fc domain
monomer and the fourth Fc domain monomer includes E357K and K370D, and each of the first Fc
domain monomer and the third Fc domain monomer includes K370D and E357K.

In some embodiments of the twelfth aspect of the disclosure, the first Fc domain monomer and

the third Fc domain monomer include complementary dimerization selectivity modules that promote
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dimerization between the first Fc domain monomer and the third Fc domain monomer, where the second
Fc domain monomer and the fourth Fc domain monomer include complementary dimerization selectivity
modules that promote dimerization between the second Fc domain monomer and the fourth Fc domain
monomer, and where the second polypeptide and the third polypeptide have different amino acid
sequences.

In some embodiments of the twelfth aspect of the disclosure, each of the second Fc domain
monomer and the fourth Fc domain monomer includes D399K and K409D, and each of the first Fc
domain monomer and the third Fc domain monomer includes E357K and K370D.

In some embodiments of the eleventh and twelfth aspects of the disclosure, the first or CTLA4
binding domain is a Fab or a V4 domain. In some embodiments of the eleventh and twelfth aspects of the
disclosure, the first and second CTLA4 binding domain is a Fab. In some embodiments of the ninth
aspect of the disclosure, the first, second, and third CTLA4 binding domain is a Fab or a Vi domain.

In some embodiments of the eleventh and twelfth aspects of the disclosure, the first or second
CTLA4 binding domain is a scFv. In some embodiments of the eleventh and twelfth aspects of the
disclosure, the first and second CTLA4 binding domain is a scFv. In some embodiments of the ninth
aspect of the disclosure, the first, second, and third CTLA4 binding domain is a scFv.

In some embodiments of the eleventh aspect of the disclosure, the first or second CTLA4 domain
includes a Vi domain and a Cx1 domain, and where the Vy and Cx1 domains are part of the amino acid
sequence of the first, second, or third polypeptide. In some embodiments, the CTLA4 binding domain
further includes a VL domain, where, in some embodiments the Fc-antigen binding domain construct
includes a fourth polypeptide including the VL. domain. In some embodiments, the Vy domain includes a
set of CDR-H1, CDR-H2 and CDR-H3 sequences set forth in Table 1, the V4 domain includes CDR-H1,
CDR-H2, and CDR-H3 of a VH domain including a sequence of an antibody set forth in Table 2, the Vx
domain includes CDR-H1, CDR-H2, and CDR-H3 of a V1 sequence of an antibody set forth in Table 2,
and the V1 sequence, excluding the CDR-H1, CDR-H2, and CDR-H3 sequence, is at least 95% identical,
at least 97% identical, at least 99% identical, or at least 99.5% identical to the V1 sequence of an
antibody set forth in Table 2, or the V4 domain includes a Vi sequence of an antibody set forth in Table 2.

In some embodiments of the twelfth aspect of the disclosure, the first, second, or third CTLA4
binding domain includes a Vv domain and a Cx1 domain, and where the Vi and Cx1 domains are part of
the amino acid sequence of the first, second, or third polypeptide. In some embodiments, the CTLA4
binding domain further includes a V. domain, where, in some embodiments the Fc-antigen binding
domain construct includes a fourth polypeptide including the VL domain. In some embodiments, the Vy
domain includes a set of CDR-H1, CDR-H2 and CDR-H3 sequences set forth in Table 1, the Vi domain
includes CDR-H1, CDR-H2, and CDR-H3 of a VH domain including a sequence of an antibody set forth in
Table 2, the Vi domain includes CDR-H1, CDR-H2, and CDR-H3 of a V1 sequence of an antibody set
forth in Table 2, and the V1 sequence, excluding the CDR-H1, CDR-H2, and CDR-H3 sequence, is at

least 95% identical, at least 97% identical, at least 99% identical, or at least 99.5% identical to the Vn
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sequence of an antibody set forth in Table 2, or the V4 domain includes a V4 sequence of an antibody set
forth in Table 2.

In some embodiments of the eleventh aspect of the disclosure, the first or second CTLA4 binding
domain includes a set of CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences set
forth in Table 1, the CTLA4 binding domain includes CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and
CDR-L3 sequences from a set of a Vy and a VL sequence of an antibody set forth in Table 2, the CTLA4
binding domain includes a Vv domain including CDR-H1, CDR-H2, and CDR-H3 of a V1 sequence of an
antibody set forth in Table 2, and a V. domain including CDR-L1, CDR-L2, and CDR-L3 of a VL
sequences of an antibody set forth in Table 2, where the V4 and the V. domain sequences, excluding the
CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences, are at least 95% identical, at
least 97% identical, at least 99% identical, or at least 99.5% identical to the V4 and VL sequences of an
antibody set forth in Table 2, or the CTLA4 binding domain includes a set of a V4 and a VL sequence of
an antibody set forth in Table 2.

In some embodiments of the twelfth aspect of the disclosure, the first, second, or third CTLA4
binding domain includes a set of CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences
set forth in Table 1, the CTLA4 binding domain includes CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2,
and CDR-L3 sequences from a set of a V4 and a VL sequence of an antibody set forth in Table 2, the
CTLA4 binding domain includes a V4 domain including CDR-H1, CDR-H2, and CDR-H3 of a Vx sequence
of an antibody set forth in Table 2, and a V. domain including CDR-L1, CDR-L2, and CDR-L3 ofa V.
sequence of an antibody set forth in Table 2, where the Vy and the V. domain sequences, excluding the
CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences, are at least 95% identical, at
least 97% identical, at least 99% identical, or at least 99.5% identical to the V4 and VL sequences of an
antibody set forth in Table 2, or the CTLA4 binding domain includes a set of a V1 and a VL sequences of
an antibody set forth in Table 2.

In some embodiments of the eleventh and twelfth aspects of the disclosure, the Fc-antigen
binding domain construct, further includes an IgG C. antibody constant domain and an IgG Cnx1 antibody
constant domain, where the IgG Cn1 antibody constant domain is attached to the N-terminus of the first
polypeptide or the second polypeptide by way of a linker.

In some embodiments of the eleventh and twelfth aspects of the disclosure, the first Fc domain
monomer and the third Fc domain monomer include complementary dimerization selectivity modules that
promote dimerization between the first Fc domain monomer and the third Fc domain monomer.

In some embodiments of the eleventh and twelfth aspects of the disclosure, the second Fc
domain monomer and the fourth Fc domain monomer include complementary dimerization selectivity
modules that promote dimerization between the second Fc domain monomer and the fourth Fc domain
monomer.

In some embodiments of the eleventh and twelfth aspects of the disclosure, the dimerization

selectivity modules include an engineered cavity into the Cy3 domain of one of the Fc domain monomers
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and an engineered protuberance into the Cx3 domain of the other of the Fc domain monomers, where the
engineered cavity and the engineered protuberance are positioned to form a protuberance-into-cavity pair
of Fc domain monomers. In some embodiments, the engineered protuberance includes at least one
modification selected from S354C, T366W, T366Y, T394W, T394F, and F405W, and the engineered
cavity includes at least one modification selected from Y349C, T366S, L368A, Y407V, Y407T, Y407A,
F405A, and T394S. In some embodiments, one of the Fc domain monomers includes Y407V and Y349C
and the other of the Fc domain monomers includes T366VV and S354C.

In some embodiments of the eleventh and twelfth aspects of the disclosure, the dimerization
selectivity modules include a negatively-charged amino acid into the Cx3 domain of one of the domain
monomers and a positively-charged amino acid into the C43 domain of the other of the Fc domain
monomers, where the negatively-charged amino acid and the positively-charged amino acid are
positioned to promote formation of an Fc domain. In some embodiments, each of the first Fc domain
monomer and third F¢c domain monomer includes D399K and either K409D or K409E, each of the first Fc
domain monomer and third Fc domain monomer includes K392D and D399K, each of the first Fc domain
monomer and third F¢c domain monomer includes E357K and K370E, each of the first Fc domain
monomer and third F¢c domain monomer includes D356K and K439D, each of the first Fc domain
monomer and third F¢c domain monomer includes K392E and D399K, each of the first Fc domain
monomer and third F¢c domain monomer includes E357K and K370D, each of the first Fc domain
monomer and third F¢c domain monomer includes D356K and K439E, each of the second Fc domain
monomer and fourth Fc domain monomer includes S354C and T366WV and the third and fourth
polypeptides each include Y349C, T366S, L368A, and Y407V, each of the third and fourth polypeptides
includes S354C and T366W and the second Fc domain monomer and fourth Fc domain monomer each
include Y349C, T3668S, L368A, and Y407V, each of the second Fc domain monomer and fourth Fc
domain monomer includes E357K or E357R and the third and fourth polypeptides each include K370D or
K370E, each of the second Fc domain monomer and fourth Fc domain monomer include K370D or
K370E and the third and fourth polypeptides each include E357K or 357R, each of the second Fc domain
monomer and fourth Fc domain monomer include K409D or K409E and the third and fourth polypeptides
each include D399K or D399R, or each of the second Fc domain monomer and fourth F¢c domain
monomer include D399K or D399R and the third and fourth polypeptides each include K409D or K409E.

In some embodiments of the eleventh and twelfth aspects of the disclosure, one or more linker in
the Fc-antigen binding domain construct is a bond.

In some embodiments of the eleventh and twelfth aspects of the disclosure, one or more linker in
the Fc-antigen binding domain construct is a spacer. In some embodiments, the spacer includes a
polypeptide having the sequence GGGGGGGGGGGGGGGGGGGG, GGGGS, GGSG, SGGG, GSGS,
GSGSGS, GSGSGSGS, GSGSGSGSGS, GSGSGSGSGSGS, GGSGGS, GGSGGSGGS,
GGSGGSGGSGGS, GGSG, GGSG, GGSGGGSG,
GGSGGGSGGGSGGGGGSGGGGSGGGGSGGGGS, GENLYFQSGG, SACYCELS, RSIAT,
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RPACKIPNDLKQKVMNH, GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG,
AAANSSIDLISVPVDSR, GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS,
GGGSGGGSGGGS, SGGGSGGGSGGGSGGGSGGG, GGSGGGSGGGSGGGSGGS, GGGG,
GGGGGGGEG, GGGGGGGGGGGG, or GGGGGGGGGGGGEGGGE. In some embodiments, the spacer
is a glycine spacer, for example, one consisting of 4 to 30, 8 to 30, or 12 to 30 glycine residues, such as a
spacer consisting of 20 glycine residues.

In some embodiments of the eleventh and twelfth aspects of the disclosure, one or more of the
CTLA4 binding domains is joined to the Fc domain monomer by a linker. In some embodiments, the
linker is a spacer.

In some embodiments of the eleventh and twelfth aspects of the disclosure, at least one of the Fc
domains includes at least one amino acid modification at position 1253. In some embodiments, the each
amino acid modification at position 1253 is independently selected from 1253A, 1253C, 1253D, 1253E,
1253F, 1253G, 1253H, 1253, 1253K, 1253L, 1253M, 1253N, 1253P, 1253Q, 1253R, 12538, 1253T, 1253V,
1253W, and 1253Y. In some embodiments, each amino acid modification at position 1253 is [253A.

In some embodiments of the eleventh and twelfth aspects of the disclosure, at least one of the Fc
domains includes at least one amino acid modification at position R292. In some embodiments, each
amino acid modification at position R292 is independently selected from R292D, R292E, R292L, R292P,
R292Q, R292R, R292T, and R292Y. In some embodiments, each amino acid modification at position
R292 is R292P.

In some embodiments of the eleventh and twelfth aspects of the disclosure, one or more of the Fc
domain monomers includes an IgG hinge domain, an IgG Cx2 antibody constant domain, and an IgG Cn3
antibody constant domain. In some embodiments, each of the Fc domain monomers includes an IgG
hinge domain, an IgG Cx2 antibody constant domain, and an IgG Cx3 antibody constant domain. In
some embodiments, the IgG is of a subtype selected from the group consisting of IgG1, IgG2a, 1gG2b,
IgG3, and IgG4.

In some embodiments of the eleventh and twelfth aspects of the disclosure, the N-terminal Asp in
each of the first, second, third, and fourth polypeptides is mutated to Gin.

In some embodiments of the eleventh and twelfth aspects of the disclosure, one or more of the
first, second, third, and fourth polypeptides lack a C-terminal lysine. In some embodiments, each of the
first, second, third, and fourth polypeptides lacks a C-terminal lysine.

In some embodiments of the eleventh and twelfth aspects of the disclosure, the Fc-antigen
binding domain construct further includes an albumin-binding peptide joined to the N-terminus or C-
terminus of one or more of the polypeptides by a linker.

In a thirteenth aspect, the disclosure features a composition including a substantially
homogenous population of an Fc-antigen binding domain construct including: a) a first polypeptide
including i) a first Fc domain monomer, ii) a second Fc domain monomer, and iii) a first linker joining the

first Fc domain monomer and the second Fc domain monomer; and b) a second polypeptide including i) a
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third Fc domain monomer, ii) a fourth Fc domain monomer, and iv) a second linker joining the third Fc
domain monomer and the fourth Fc domain monomer; and ¢) a third polypeptide including a fifth Fc
domain monomer; d) a fourth polypeptide including an sixth Fc domain monomer; and d) a CTLA4
binding domain joined to the first polypeptide, second polypeptide, third polypeptide, or fourth
polypeptide; where the first Fc domain monomer and the third Fc domain monomer combine to form a
first Fc domain and the second Fc domain monomer and the fifth Fc domain monomer combine to form a
second Fc domain, the fourth Fc domain monomer and the sixth Fc domain monomer combine to form a
third Fc domain.

In some embodiments of the thirteenth aspect of the disclosure, each of the first and third Fc
domain monomers includes a complementary dimerization selectivity module that promote dimerization
between the first Fc domain monomer and the third Fc domain monomer, each of the second and fifth Fc
domain monomers includes a complementary dimerization selectivity module that promote dimerization
between the second Fc domain monomer and the fifth Fc domain monomer, and each of the fourth and
sixth Fc domain monomers includes a complementary dimerization selectivity module that promote
dimerization between the fourth Fc domain monomer and the sixth Fc domain monomer.

In an fourteenth aspect, the disclosure features a composition including a substantially
homogenous population of an Fc-antigen binding domain construct including: a) a first polypeptide
including i) a first Fc domain monomer, ii) a second Fc domain monomer, and iii) a first linker joining the
first Fc domain monomer and the second Fc domain monomer; and b) a second polypeptide including i) a
third Fc domain monomer, ii) a fourth Fc domain monomer, and iv) a second linker joining the third Fc
domain monomer and the fourth Fc domain monomer; and ¢) a third polypeptide including a fifth Fc
domain monomer; d) a fourth polypeptide including an sixth Fc domain monomer; and e) a CTLA4
binding domain joined to the first polypeptide, second polypeptide, third polypeptide, or fourth
polypeptide; wherein the second Fc domain monomer and the fourth Fc domain monomer combine to
form a first Fc domain and the first Fc domain monomer and the fifth Fc domain monomer combine to
form a second Fc domain, the third Fc domain monomer and the sixth Fc domain monomer combine to
form a third Fc domain.

In some embodiments of the fourteenth aspect of the disclosure, each of the second and fourth
Fc domain monomers includes a complementary dimerization selectivity module that promote
dimerization between the second Fc domain monomer and the fourth Fc domain monomer, each of the
first and fifth Fc domain monomers includes a complementary dimerization selectivity module that
promote dimerization between the first Fc domain monomer and the fifth Fc domain monomer, and each
of the third and sixth Fc domain monomers includes a complementary dimerization selectivity module that
promote dimerization between the third Fc domain monomer and the sixth Fc domain monomer.

In a fifteenth aspect, the disclosure features a composition including a substantially homogenous
population of an Fc-antigen binding domain construct including: a) a first polypeptide including i) a first Fc

domain monomer, ii) a second Fc domain monomer, iii) a third Fc domain monomer, iv) a first linker
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joining the first Fc domain monomer and the second Fc domain monomer; and v) a second linker joining
the second Fc domain monomer and the third Fc domain monomer; b) a second polypeptide including i) a
fourth Fc domain monomer, ii) a fifth Fc domain monomer, iii) a sixth Fc domain monomer, iv) a third
linker joining the fourth Fc domain monomer and the fifth Fc domain monomer; and v) a fourth linker
joining the fifth Fc domain monomer and the sixth Fc domain monomer; ¢) a third polypeptide including a
seventh Fc domain monomer; d) a fourth polypeptide including an eighth Fc domain monomer; e) a fifth
polypeptide including a ninth Fc domain monomer; f) a sixth polypeptide including a tenth Fc domain
monomer; and g) a CTLA4 binding domain joined to the first polypeptide, second polypeptide, third
polypeptide, fourth polypeptide, fifth polypeptide, or sixth polypeptide; where the second Fc domain
monomer and the fifth Fc domain monomer combine to form a first Fc domain and the first Fc domain
monomer and the seventh Fc domain monomer combine to form a second F¢c domain, the fourth Fc
domain monomer and the eighth Fc domain monomer combine to form a third Fc domain, the third Fc
domain monomer and the ninth Fc domain monomer combine to form a fourth Fc domain, and the sixth
Fc domain monomer and the tenth Fc domain monomer combine to form a fifth Fc domain.

In some embodiments of the fifteenth aspect of the disclosure, each of the second and fifth Fc
domain monomers includes a complementary dimerization selectivity module that promote dimerization
between the second Fc domain monomer and the fifth Fc domain monomer, each of the first and seventh
Fc domain monomers includes a complementary dimerization selectivity module that promote
dimerization between the first Fc domain monomer and the seventh Fc domain monomer, each of the
fourth and eighth Fc domain monomers includes a complementary dimerization selectivity module that
promote dimerization between the fourth Fc domain monomer and the eighth Fc domain monomer, each
of the third and ninth Fc domain monomers includes a complementary dimerization selectivity module that
promote dimerization between the third Fc domain monomer and the ninth Fc domain monomer, and
each of the sixth and tenth Fc domain monomers includes a complementary dimerization selectivity
module that promote dimerization between the sixth Fc domain monomer and the tenth Fc domain
monomer.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, the
CTLAA4 binding domain is a Fab or a V4 domain

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, the
CTLAA4 binding domain is part of the amino acid sequence of one or more of the polypeptides, and, in
some embodiments, the CTLA4 binding domain is a scFv.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, the
CTLAA4 binding domain includes a Vy domain and a Cx1 domain, and where the Vi and Cx1 domains are
part of the amino acid sequence of the first, second, or third polypeptide. In some embodiments, the
CTLA4 binding domain further includes a V. domain, where, in some embodiments the Fc-antigen binding
domain construct includes a fourth polypeptide including the VL domain. In some embodiments, the Vy
domain includes a set of CDR-H1, CDR-H2 and CDR-H3 sequences set forth in Table 1, the Vi domain
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includes CDR-H1, CDR-HZ2, and CDR-H3 of a Vv domain including a sequence of an antibody set forth in
Table 2, the Vi domain includes CDR-H1, CDR-H2, and CDR-H3 of a V1 sequence of an antibody set
forth in Table 2, and the V1 sequence, excluding the CDR-H1, CDR-H2, and CDR-H3 sequence, is at
least 95% identical, at least 97% identical, at least 99% identical, or at least 99.5% identical to the Vn
sequence of an antibody set forth in Table 2, or the V4 domain includes a V4 sequence of an antibody set
forth in Table 2.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, the
CTLA4 binding domain includes a set of CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3
sequences set forth in Table 1, the CTLA4 binding domain includes CDR-H1, CDR-H2, CDR-H3, CDR-
L1, CDR-L2, and CDR-L3 sequences from a set of a V4 and a VL sequences of an antibody set forth in
Table 2, the CTLA4 binding domain includes a Vi domain including CDR-H1, CDR-H2, and CDR-H3 of a
V1 sequence of an antibody set forth in Table 2, and a V. domain including CDR-L1, CDR-L2, and CDR-
L3 of a VL sequence of an antibody set forth in Table 2, where the V4 and the VL domain sequences,
excluding the CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences, are at least 95%
identical, at least 97% identical, at least 99% identical, or at least 99.5% identical to the Vn and VL
sequences of an antibody set forth in Table 2, or the CTLA4 binding domain includes a set of a Vi and a
VL sequences of an antibody set forth in Table 2.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, the Fc-
antigen binding domain construct, further includes an IgG C. antibody constant domain and an IgG Cn1
antibody constant domain, where the IgG Crx1 antibody constant domain is attached to the N-terminus of
the first polypeptide or the second polypeptide by way of a linker.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, the
dimerization selectivity modules include an engineered cavity into the C13 domain of one of the Fc
domain monomers and an engineered protuberance into the C43 domain of the other of the Fc domain
monomers, where the engineered cavity and the engineered protuberance are positioned to form a
protuberance-into-cavity pair of Fc domain monomers. In some embodiments, the engineered
protuberance includes at least one modification selected from S354C, T366W, T366Y, T394W, T394F,
and F405W, and the engineered cavity includes at least one modification selected from Y349C, T366S,
L368A, Y407V, Y407T, Y407A, F405A, and T394S. In some embodiments, one of the Fc domain
monomers includes Y407V and Y349C and the other of the Fc domain monomers includes T366W and
S354C.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, the
dimerization selectivity modules include a negatively-charged amino acid into the C13 domain of one of
the domain monomers and a positively-charged amino acid into the C13 domain of the other of the Fc
domain monomers, where the negatively-charged amino acid and the positively-charged amino acid are
positioned to promote formation of an Fc domain. In some embodiments, each of the first Fc domain

monomer and third F¢c domain monomer includes D399K and either K409D or K409E, each of the first Fc
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domain monomer and third Fc domain monomer includes K392D and D399K, each of the first Fc domain
monomer and third F¢c domain monomer includes E357K and K370E, each of the first Fc domain
monomer and third F¢c domain monomer includes D356K and K439D, each of the first Fc domain
monomer and third F¢c domain monomer includes K392E and D399K, each of the first Fc domain
monomer and third F¢c domain monomer includes E357K and K370D, each of the first Fc domain
monomer and third F¢c domain monomer includes D356K and K439E, each of the second Fc domain
monomer and fourth Fc domain monomer includes S354C and T366WV and the third and fourth
polypeptides each include Y349C, T366S, L368A, and Y407V, each of the third and fourth polypeptides
includes S354C and T366W and the second Fc domain monomer and fourth Fc domain monomer each
include Y349C, T3668S, L368A, and Y407V, each of the second Fc domain monomer and fourth Fc
domain monomer includes E357K or E357R and the third and fourth polypeptides each include K370D or
K370E, each of the second Fc domain monomer and fourth Fc domain monomer include K370D or
K370E and the third and fourth polypeptides each include E357K or 357R, each of the second Fc domain
monomer and fourth Fc domain monomer include K409D or K409E and the third and fourth polypeptides
each include D399K or D399R, or each of the second Fc domain monomer and fourth F¢c domain
monomer include D399K or D399R and the third and fourth polypeptides each include K409D or K409E.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, one or
more linker in the Fc-antigen binding domain construct is a bond.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, one or
more linker in the Fc-antigen binding domain construct is a spacer. In some embodiments, the spacer
includes a polypeptide having the sequence GGGGGGGGGGGGGGGGGGEG, GGGGS, GGSG,
SGGG, GSGS, GSGSGS, GSGSGSGS, GSGSGSGSGS, GSGSGSGSGSGS, GGSGGS,
GGSGGSGGS, GGSGGSGGSGGS, GGSG, GGSG, GGSGGGSG,
GGSGGGSGGGSGGGGGSGGGGSGGGGSGGGGS, GENLYFQSGG, SACYCELS, RSIAT,
RPACKIPNDLKQKVMNH, GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG,
AAANSSIDLISVPVDSR, GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS,
GGGSGGGSGGGS, SGGGSGGGSGGGSGGGSGGG, GGSGGGSGGGSGGGSGGS, GGGG,
GGGGGGGEG, GGGGGGGGGGGG, or GGGGGGGGGGGGEGGGE. In some embodiments, the spacer
is a glycine spacer, for example, one consisting of 4 to 30, 8 to 30, or 12 to 30 glycine residues, such as a
spacer consisting of 20 glycine residues.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, the
CTLAA4 binding domain is joined to the Fc domain monomer by a linker. In some embodiments, the linker
is a spacer.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, at
least one of the Fc domains includes at least one amino acid modification at position 1253. In some
embodiments, the each amino acid modification at position 1253 is independently selected from [253A,
1253C, 1253D, 1253E, 1253F, 1253G, 1253H, 1253, 1253K, 1253L, 1253M, 1253N, 1253P, 1253Q, I1253R,
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12538, 1253T, 1253V, 1253W, and 1253Y. In some embodiments, each amino acid modification at position
1253 is I1253A.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, at
least one of the Fc domains includes at least one amino acid modification at position R292. In some
embodiments, each amino acid modification at position R292 is independently selected from R292D,
R292E, R292L, R292P, R292Q, R292R, R292T, and R292Y. In some embodiments, each amino acid
modification at position R292 is R292P.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, one or
more of the Fc domain monomers includes an IgG hinge domain, an IgG CH2 antibody constant domain,
and an IgG Cx3 antibody constant domain. In some embodiments, each of the Fc domain monomers
includes an IgG hinge domain, an IgG Cx2 antibody constant domain, and an IgG Cux3 antibody constant
domain. In some embodiments, the IgG is of a subtype selected from the group consisting of IgG1,
1gG2a, IgG2b, 1gG3, and 1gG4.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, the N-
terminal Asp in each of the polypeptides is mutated to Gin.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, one or
more of the polypeptides lack a C-terminal lysine. In some embodiments, each of the polypeptides lacks
a C-terminal lysine.

In some embodiments of the thirteenth, fourteenth, and fifteenth aspects of the disclosure, the Fc-
antigen binding domain construct further includes an albumin-binding peptide joined to the N-terminus or
C-terminus of one or more of the polypeptides by a linker.

In a sixteenth aspect, the disclosure features an Fc-antigen binding domain construct including:
a) a first polypeptide including i) a first Fc domain monomer, ii) a second Fc domain monomer, and iii) a
linker joining the first Fc domain monomer and the second Fc domain monomer; b) a second polypeptide
including a third Fc domain monomer; ¢) a third polypeptide including a fourth Fc domain monomer; and
d) a first CTLA4 binding domain joined to the first polypeptide; and e) a second CTLA4 binding domain
joined to the second polypeptide and/or third polypeptide; where the first Fc domain monomer and the
third Fc domain monomer combine to form a first Fc domain and the second Fc domain monomer and the
fourth Fc domain monomer combine to form a second Fc domain, where the first and the second CTLA4
binding domains bind different antigens, and where the Fc-antigen binding domain construct has
enhanced effector function in an antibody-dependent cytotoxicity (ADCC) assay, an antibody-dependent
cellular phagocytosis (ADCP) and/or complement-dependent cytotoxicity (CDC) assay relative to a
construct having a single Fc domain and the CTLA4 binding domain.

In a twenty sixth aspect, the disclosure features an Fc-antigen binding domain construct
including: a) a first polypeptide including i) a first Fc domain monomer, ii) a second Fc domain monomer,
and iii) a first linker joining the first Fc domain monomer and the second Fc domain monomer; and b) a

second polypeptide including iv) a third Fc domain monomer, v) a fourth Fc domain monomer, and vi) a

19



10

15

20

25

30

35

CA 03106207 2021-01-11

WO 2020/014413 PCT/US2019/041293

second linker joining the third Fc domain monomer and the fourth Fc domain monomer; and ¢) a third
polypeptide including a fifth Fc domain monomer; d) a fourth polypeptide including an sixth Fc domain
monomer; and d) a CTLA4 binding domain joined to the first polypeptide, second polypeptide, third
polypeptide, or fourth polypeptide, where the first Fc domain monomer and the third Fc domain monomer
combine to form a first Fc domain and the second Fc domain monomer and the fitth Fc domain monomer
combine to form a second Fc domain, the fourth Fc domain monomer and the sixth Fc domain monomer
combine to form a third Fc domain, and where the Fc-antigen binding domain construct has enhanced
effector function in an antibody-dependent cytotoxicity (ADCC) assay, an antibody-dependent cellular
phagocytosis (ADCP) and/or complement-dependent cytotoxicity (CDC) assay relative to a construct
having a single Fc domain and the CTLA4 binding domain.

In a twenty seventh aspect, the disclosure features a Fc-antigen binding domain construct
including: a) a first polypeptide including i) a first Fc domain monomer, ii) a second Fc domain monomer,
and iii) a first linker joining the first Fc domain monomer and the second Fc domain monomer; and b) a
second polypeptide including iv) a third Fc domain monomer, v) a fourth Fc domain monomer, and vi) a
second linker joining the third Fc domain monomer and the fourth Fc domain monomer; and ¢) a third
polypeptide including a fifth Fc domain monomer; d) a fourth polypeptide including an sixth Fc domain
monomer; and e) a CTLA4 binding domain joined to the first polypeptide, second polypeptide, third
polypeptide, or fourth polypeptide; where the first Fc domain monomer and the third Fc domain monomer
combine to form a first Fc domain and the second Fc domain monomer and the fitth Fc domain monomer
combine to form a second Fc domain, the fourth Fc domain monomer and the sixth Fc domain monomer
combine to form a third Fc domain, and where the Fc-antigen binding domain construct includes a
biological activity that is not exhibited by a construct having a single Fc domain and the CTLA4 binding
domain.

In a twenty eighth aspect, the disclosure features an Fc-antigen binding domain construct
including: a) a first polypeptide including i) a first Fc domain monomer, ii) a second Fc domain monomer,
and iii) a first spacer joining the first Fc domain monomer and the second Fc domain monomer; and b) a
second polypeptide including iv) a third Fc domain monomer, v) a fourth Fc domain monomer, and vi) a
second spacer joining the third Fc domain monomer and the fourth Fc domain monomer; and ¢) a third
polypeptide including a fifth Fc domain monomer; d) a fourth polypeptide including an sixth Fc domain
monomer; and e) a CTLA4 binding domain joined to the first polypeptide, second polypeptide, third
polypeptide, or fourth polypeptide; where the first Fc domain monomer and the third Fc domain monomer
combine to form a first Fc domain and the second Fc domain monomer and the fitth Fc domain monomer
combine to form a second Fc domain, the fourth Fc domain monomer and the sixth Fc domain monomer
combine to form a third Fc domain.

In a twenty ninth aspect, the disclosure features a cell culture medium including a population of
Fc-antigen binding domain constructs, where at least 50% of the Fc-antigen binding domain constructs,

on a molar basis, include: a) a first polypeptide including i) a first Fc domain monomer, ii) a second Fc
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domain monomer, and iii) a first linker joining the first Fc domain monomer and the second Fc domain
monomer; and b) a second polypeptide including iv) a third Fc domain monomer, v) a fourth Fc domain
monomer, and vi) a second linker joining the third Fc domain monomer and the fourth Fc domain
monomer; and c) a third polypeptide including a fifth Fc domain monomer; d) a fourth polypeptide
including an sixth Fc domain monomer; and €) a CTLA4 binding domain joined to the first polypeptide,
second polypeptide, third polypeptide, or fourth polypeptide; where the first Fc domain monomer and the
third Fc domain monomer combine to form a first Fc domain and the second Fc domain monomer and the
fifth Fc domain monomer combine to form a second Fc¢ domain, the fourth Fc domain monomer and the
sixth Fc domain monomer combine to form a third Fc domain.

In a thirtieth aspect, the disclosure features a method of manufacturing an Fc-antigen binding
domain construct, the method including: a) culturing a host cell expressing: (1) a first polypeptide
including i) a first Fc domain monomer, ii) a second Fc domain monomer, and iii) a first linker joining the
first Fc domain monomer and the second Fc domain monomer; and (2) a second polypeptide including iv)
a third Fc domain monomer, v) a fourth Fc domain monomer, and vi) a second linker joining the third Fc
domain monomer and the fourth Fc domain monomer; and (3) a third polypeptide including a fifth Fc
domain monomer; (4) a fourth polypeptide including an sixth Fc domain monomer; and (5) a CTLA4
binding domain joined to the first polypeptide, second polypeptide, third polypeptide, or fourth
polypeptide; where the first Fc domain monomer and the third Fc domain monomer combine to form a
first Fc domain and the second Fc domain monomer and the fifth Fc domain monomer combine to form a
second Fc domain, the fourth Fc domain monomer and the sixth Fc domain monomer combine to form a
third Fc domain, and where at least 50% of the Fc-antigen binding domain constructs in a cell culture
supernatant, on a molar basis, are structurally identical, and b) purifying the Fc-antigen binding domain
construct from the cell culture supernatant.

In some embodiments of the twenty sixth, twenty seventh, twenty eighth, twenty ninth, and
thirtieth aspect of the disclosure, each of the first and third Fc domain monomers includes a
complementary dimerization selectivity module that promote dimerization between the first Fc domain
monomer and the third Fc domain monomer, each of the second and fifth Fc domain monomers includes
a complementary dimerization selectivity module that promote dimerization between the second Fc
domain monomer and the fifth Fc domain monomer, and each of the fourth and sixth Fc domain
monomers includes a complementary dimerization selectivity module that promote dimerization between
the fourth Fc domain monomer and the sixth Fc domain monomer.

In some embodiments of all aspects of the disclosure, the Fc-antigen binding domain construct
has reduced fucosylation. Thus, in some embodiments, less than 40%, 30%, 20%, 15%, 10% or 5% of
the Fc domain monomers in a composition comprising an Fc-antigen binding domain construct are

fucosylated.
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In some embodiments of all aspects of the disclosure, the Fc domain monomer comprises the
amino acid sequence of FIG. 24A (SEQ ID NO: 43) with upto 10 (9, 8, 7, 6, 5, 4, 3, 2 or 1) single amino
acid changes in the CH3 domain.

In some embodiments of all aspects of the disclosure, the Fc domain monomer comprises the
amino acid sequence of FIG. 24B (SEQ ID NO: 45) with up to 10 (9, 8, 7, 6, 5, 4, 3, 2 or 1) single amino
acid changes in the CH3 domain.

In some embodiments of all aspects of the disclosure, the Fc domain monomer comprises the
amino acid sequence of FIG. 24C (SEQ ID NO: 47) with up to 10 (9, 8, 7, 6, 5, 4, 3, 2 or 1) single amino
acid changes in the CH3 domain.

In some embodiments of all aspects of the disclosure, the Fc domain monomer comprises the
amino acid sequence of FIG. 24D (SEQ ID NO: 42) with upto 10 (9, 8, 7, 6, 5, 4, 3, 2 or 1) single amino
acid changes in the CH3 domain.

In some embodiments of all aspects of the disclosure, for example, when the Fc domain
monomer is at the carboxy-terminal end of a polypeptide, the Fc domain monomer does not include
K447. In other embodiments, for example, when the Fc domain monomer is not at the carboxy-terminal
end of a polypeptide, the Fc domain monomer includes K447.

In some embodiments of all aspects of the disclosure, for example, when the Fc domain
monomer is amino terminal to a linker, the Fc domain monomer does not include the portion of the hinge
from E216 to C220, inclusive, but does include the portion of the hinge from D221 to L235, inclusive. In
other embodiments, for example, when the Fc domain monomer is carboxy-terminal to a CH1 domain, the
Fc domain monomer includes the portion of the hinge from E216 to L235, inclusive. In some
embodiments of all aspects of the disclosure, a hinge domain, for example a hinge domain at the amino
terminus of a polypeptide, has an Asp to Gin mutation at EU position 221.

As noted above, the Fc-antigen binding domain constructs of the disclosure are assembled from
polypeptides, including polypeptides comprising two or more IgG1 Fc domain monomers, and such
polypeptides are an aspect of the present disclosure.

In a forty first aspect, the disclosure features a polypeptide comprising a CTLA4 binding domain;
a linker; a first IgG1 Fc domain monomer comprising a hinge domain, a CH2 domain and a CH3 domain;
a second linker; a second IgG1 Fc domain monomer comprising a hinge domain, a CH2 domain and a
CH3 domain; an optional third linker; and an optional third IgG1 Fc domain monomer comprising a hinge
domain, a CH2 domain and a CH3 domain, wherein at least one Fc domain monomer comprises
mutations forming an engineered protuberance.

In various embodiments of the forty first aspect: the CTLA4 binding domain comprises an
antibody heavy chain variable domain; the CTLA4 binding domain comprises an antibody light chain
variable domain; the first IgG1 Fc domain monomer comprises two or four reverse charge mutations and
the second IgG1 Fc domain monomer comprises mutations forming an engineered protuberance; the first

IgG1 Fc domain monomer comprises mutations forming an engineered protuberance and the second
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IgG1 Fc domain monomer comprises two or four reverse charge mutations; both the first IgG1 Fc domain
monomer and the second IgG constant domain monomer comprise mutations forming an engineered
protuberance; the polypeptide comprises a third linker and a third IgG1 Fc domain monomer wherein the
first IgG1 Fc domain monomer, the second IgG1 Fc domain monomer and the third IgG1 Fc domain
monomer each comprise mutations forming an engineered protuberance; the polypeptide comprises a
third linker and a third IgG1 Fc domain monomer wherein both the first IgG1 Fc domain monomer and the
second IgG1 Fc domain monomer each comprise mutations forming an engineered protuberance and the
third IgG1 Fc domain monomer comprises two or four reverse charge mutations; the polypeptide
comprises a third linker and third IgG1 Fc domain monomer wherein both the first IgG1 Fc domain
monomer and the third IgG1 Fc domain monomer each comprise mutations forming an engineered
protuberance and the second IgG1 domain monomer comprises two or four reverse charge mutations;
the polypeptide comprises a third linker and a third IgG1 Fc domain monomer wherein both the second
IgG1 Fc domain monomer and the third IgG1 Fc domain monomer each comprise mutations forming an
engineered protuberance and the first IgG1 domain monomer comprises two or four reverse charge
mutations.

In various embodiments of the forty first aspect: the IgG1 Fc domain monomers comprising
mutations forming an engineered protuberance further comprise one, two or three reverse charge
mutations; the mutations forming an engineered protuberance and the reverse charge mutations are in
the CH3 domain; the mutations are within the sequence from EU position G341 to EU position K447,
inclusive; the mutations are single amino acid changes; the second linker and the optional third linker
comprise or consist of an amino acid sequence selected from the group consisting of:
GGGGGGGGGGGGGGGGGGGG, GGGGS, GGSG, SGGG, GSGS, GSGSGS, GSGSGSGS,
GSGSGSGSGS, GSGSGSGSGSGS, GGSGGS, GGSGGSGGS, GGSGGSGGSGGS, GGSG, GGSG,
GGSGGGSG, GGSGGGSGGGSGGGGGSGGGGSGGGGSGGGGS, GENLYFQSGG, SACYCELS,
RSIAT, RPACKIPNDLKQKVMNH, GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG,
AAANSSIDLISVPVDSR, GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS,
GGGSGGGSGGGS, SGGGSGGGSGGGSGGGSGGG, GGSGGGSGGGSGGGSGGS, GGGG,
GGGGGGGEG, GGGGGGGGGGGG and GGGGGGGGGGGGGGGGE; the second linker and the optional
third linker is a glycine spacer; the second linker and the optional third linker independently consist of 4 to
30, 4t0 20, 8t0 30, 8to 20, 12 to 20 or 12 to 30 glycine residues; the second linker and the optional third
linker consist of 20 glycine residues; at least one of the Fc domain monomers comprises a single amino
acid mutation at EU position 1253 each amino acid mutation at EU position 1253 is independently selected
from the group consisting of 1253A, 1253C, 1253D, 1253E, 1253F, 1253G, 1253H, 1253, 1253K, 1253L,
1253M, 1253N, 1253P, 1253Q, 1253R, 12538, 1253T, 1253V, 1253W, and 1253Y; each amino acid mutation at
position 1253 is 1253A; at least one of the Fc domain monomers comprises a single amino acid mutation
at EU position R292; each amino acid mutation at EU position R292 is independently selected from the
group consisting of R292D, R292E, R292L, R292P, R292Q, R292R, R292T, and R292Y; each amino
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acid mutation at position R292 is R292P; each Fc domain monomer independently comprises or consists
of an amino acid sequence selected from the group consisting of EPKSCDKTHTCPPCPAPELL and
DKTHTCPPCPAPELL; the hinge portion of the second Fc domain monomer and the third Fc domain
monomer have the amino acid sequence DKTHTCPPCPAPELL,; the hinge portion of the first Fc domain
monomer has the amino acid sequence EPKSCDKTHTCPPCPAPEL; the hinge portion of the first Fc
domain monomer has the amino acid sequence EPKSCDKTHTCPPCPAPEL and the hinge portion of the
second Fc domain monomer and the third Fc domain monomer have the amino acid sequence
DKTHTCPPCPAPELL; the CH2 domains of each Fc domain monomer independently comprise the
amino acid sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid deletions
or substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid deletions
or substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid
substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK; the CH3 domains of each Fc domain monomer
independently comprise the amino acid sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 10 single amino acid
substitutions; the CH3 domains of each Fc domain monomer independently comprise the amino acid
sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 8 single amino acid
substitutions; the CH3 domains of each Fc domain monomer independently comprise the amino acid
sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 6 single amino acid
substitutions; wherein the CH3 domains of each Fc domain monomer independently comprise the amino
acid sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
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LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 5 single amino acid
substitutions; the single amino acid substitutions are selected from the group consisting of: T366Y,
T366W, T394W, T394Y, F405W, F405A, Y407A, S354C, Y349T, T394F, K409D, K409E, K392D, K392E,
K370D, K370E, D399K, D399R, E357K, E357R, D356K, and D356R; each of the Fc domain monomers
independently comprises the amino acid sequence of any of SEQ ID NOs:42, 43, 45, and 47 having up to
10 single amino acid substitutions; up to 6 of the single amino acid substitutions are reverse charge
mutations in the CH3 domain or are mutations forming an engineered protuberance; the single amino
acid substitutions are within the sequence from EU position G341 to EU position K447, inclusive; at least
one of the mutations forming an engineered protuberance is selected from the group consisting of T366Y,
T366W, T394W, T394Y, F405W, S354C, Y349T, and T394F; the two or four reverse charge mutations
are selected from: K409D, K409E, K392D. K392E, K370D, K370E, D399K, D399R, E357K, E357R,
D356K, and D356R; the CTLA4 binding domain is a scFv; the CTLA4 binding domain comprises a VH
domain and a CH1 domain; the CTLA4 binding domain further comprises a VL domain; the VH domain
comprises a set of CDR-H1, CDR-H2 and CDR-H3 sequences set forth in Table 1; the VH domain
comprises CDR-H1, CDR-H2, and CDR-H3 of a VH domain comprising a sequence of an antibody set
forth in Table 2; the VH domain comprises CDR-H1, CDR-H2, and CDR-H3 of a VH sequence of an
antibody set forth in Table 2, and the VH sequence, excluding the CDR-H1, CDR-H2, and CDR-H3
sequence, is at least 95% or 98% identical to the VH sequence of an antibody set forth in Table 2; the VH
domain comprises a VH sequence of an antibody set forth in Table 2; the CTLA4 binding domain
comprises a set of CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences set forth in
Table 1; the CTLA4 binding domain comprises CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-
L3 sequences from a set of a VH and a VL sequence of an antibody set forth in Table 2; the CTLA4
binding domain comprises a VH domain comprising CDR-H1, CDR-H2, and CDR-H3 of a VH sequence of
an antibody set forth in Table 2, and a VL domain comprising CDR-L1, CDR-L2, and CDR-L3 of a VL
sequence of an antibody set forth in Table 2, wherein the VH and the VL domain sequences, excluding
the CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences, are at least 95% or 98%
identical to the VH and VL sequences of an antibody set forth in Table 2; the CTLA4 binding domain
comprises a set of a VH and a VL sequence of an antibody set forth in Table 2; CTLA4 binding domain
comprises an IgG CL antibody constant domain and an IgG CH1 antibody constant domain; the CTLA4
binding domain comprises a VH domain and CH1 domain and can bind to a polypeptide comprising a VL
domain and a CL domain to form a Fab.

Also described is a polypeptide complex comprising two copies of the polypeptide of described
above joined by disulfide bonds between cysteine residues within the hinge of first or second IgG1 Fc
domain monomers.

Also described is a polypeptide complex comprising a polypeptide described above
joined to a second polypeptide comprising and IgG1 Fc domain monomer comprising a hinge domain, a

CH2 domain and a CH3 domain, wherein the polypeptide and the second polypeptide are joined by
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disulfide bonds between cysteine residues within the hinge domain of the first, second or third IgG1 Fc
domain monomer of the polypeptide and the hinge domain of the second polypeptide.

In various embodiments of the complexes: the second polypeptide monomer comprises
mutations forming an engineered cavity; the mutations forming the engineered cavity are selected from
the group consisting of: Y407T, Y407A, F405A, T394S, T394W/Y407A, T366W/T3948S,
T366S/L368A/Y407V/Y349C, S364H/F405A; the second polypeptide comprises the amino acid sequence
of any of SEQ ID NOs: 42, 43, 45, and 47 having up to 10 single amino acid substitutions.

In a forty second aspect, the disclosure features: a polypeptide comprising: aCTLA4 binding
domain; a linker; a first IgG1 Fc domain monomer comprising a hinge domain, a CH2 domain and a CH3
domain; a second linker; a second IgG1 Fc domain monomer comprising a hinge domain, a CH2 domain
and a CH3 domain; an optional third linker; and an optional third IgG1 Fc domain monomer comprising a
hinge domain, a CH2 domain and a CH3 domain, wherein at least one Fc domain monomer comprises
one, two or three reverse charge amino acid mutations.

In various embodiments of the forty second aspect: the CTLA4 binding domain comprises an
antibody heavy chain variable domain; the CTLA4 binding domain comprises an antibody light chain
variable domain; the first IgG1 Fc domain monomer comprises a set of two reverse charge mutations
selected from those in Tables 4A and 4B or a set of four reverse charge mutation selected from those in
Tables 4A and 4B and the second IgG1 Fc domain monomer comprises one, two or three reverse charge
amino acid mutations selected from Tables 4A and 4B; the first IgG1 Fc domain monomer comprises one,
two or three reverse charge amino acid mutations selected from Tables 4A and 4B and the second IgG1
Fc domain monomer comprises a set of two reverse charge mutations selected from those in Tables 4a
and 4b or a set of four reverse charge mutation selected from those in Tables 4A and 4B; both the first
IgG1 Fc domain monomer and the second IgG constant domain monomer comprise one, two or three
reverse charge amino acid mutations selected from Tables 4A and 4B; the polypeptide further comprises
a third linker and a third IgG1 Fc domain monomer wherein the first IgG1 Fc domain monomer, the
second IgG1 Fc domain monomer and the third IgG1 Fc domain monomer each comprise one, two or
three reverse charge amino acid mutations selected from Tables 4A and 4B; the polypeptide further
comprises a third linker and a third IgG1 Fc domain monomer wherein both the first IgG1 Fc domain
monomer and the second IgG1 Fc domain monomer each comprise one, two or three reverse charge
amino acid mutations selected from Tables 4A and 4B and the third IgG1 Fc domain monomer comprises
a set of two reverse charge mutations selected from those in Tables 4A and 4B or a set of four reverse
charge mutation selected from those in Tables 4A and 4B; the polypeptide further comprises a third linker
and third IgG1 Fc domain monomer wherein both the first IgG1 Fc domain monomer and the third IgG1
Fc domain monomer each comprise one, two or three reverse charge amino acid mutations selected from
Tables 4A and 4B and the second IgG1 domain monomer comprises a set of two reverse charge
mutations selected from those in Tables 4A and 4B or a set of four reverse charge mutation selected from

those in Tables 4A and 4B; the polypeptide further comprises a third linker and a third IgG1 Fc domain
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monomer wherein both the second IgG1 Fc domain monomer and the third IgG1 Fc domain monomer
each comprise one, two or three reverse charge amino acid mutations selected from Tables 4A and 4B
and the first IgG1 domain monomer comprises a set of two reverse charge mutations selected from those
in Tables 4A and 4B or a set of four reverse charge mutation selected from those in Tables 4A and 4B,
the IgG1 Fc domain monomers comprising one, two or three reverse charge amino acid mutations
selected from Tables 4A and 4B have identical CH3 domains; one, two or three reverse charge amino
acid mutations selected from Tables 4A and 4B are in the CH3 domain; the mutations are within the
sequence from EU position G341 to EU position K447, inclusive; the mutations are each single amino
acid changes; the mutations are within the sequence from EU position G341 to EU position K446,
inclusive; the mutations are single amino acid changes; the second linker and the optional third linker
comprise or consist of an amino acid sequence selected from the group consisting of:
GGGGGGGGGGGGGGGGGGGG, GGGGS, GGSG, SGGG, GSGS, GSGSGS, GSGSGSGS,
GSGSGSGSGS, GSGSGSGSGSGS, GGSGGS, GGSGGSGGS, GGSGGSGGSGGS, GGSG, GGSG,
GGSGGGSG, GGSGGGSGGGSGGGGGSGGGGSGGGGSGGGGS, GENLYFQSGG, SACYCELS,
RSIAT, RPACKIPNDLKQKVMNH, GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG,
AAANSSIDLISVPVDSR, GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS,
GGGSGGGSGGGS, SGGGSGGGSGGGSGGGSGGG, GGSGGGSGGGSGGGSGGS, GGGG,
GGGGGGGEG, GGGGGGGGGGGG and GGGGGGGGGGGGGGGGE; the second linker and the optional
third linker is a glycine spacer; the second linker and the optional third linker independently consist of 4 to
30, 4 to 20, 8 t0 30, 8to 20, 12 to 20 or 12 to 30 glycine residues; the second linker and the optional third
linker consist of 20 glycine residues; at least one of the Fc domain monomers comprises a single amino
acid mutation at EU position 1253 each amino acid mutation at EU position 1253 is independently selected
from the group consisting of 1253A, 1253C, 1253D, 1253E, 1253F, 1253G, 1253H, 1253, 1253K, 1253L,
1253M, 1253N, 1253P, 1253Q, 1253R, 12538, 1253T, 1253V, 1253W, and 1253Y; each amino acid mutation at
position 1253 is 1253A; at least one of the Fc domain monomers comprises a single amino acid mutation
at EU position R292; each amino acid mutation at EU position R292 is independently selected from the
group consisting of R292D, R292E, R292L, R292P, R292Q, R292R, R292T, and R292Y; each amino
acid mutation at position R292 is R292P; each Fc domain monomer independently comprises or consists
of an amino acid sequence selected from the group consisting of EPKSCDKTHTCPPCPAPELL and
DKTHTCPPCPAPELL; the hinge portion of the second Fc domain monomer and the third Fc domain
monomer have the amino acid sequence DKTHTCPPCPAPELL,; the hinge portion of the first Fc domain
monomer has the amino acid sequence EPKSCDKTHTCPPCPAPEL; the hinge portion of the first Fc
domain monomer has the amino acid sequence EPKSCDKTHTCPPCPAPEL and the hinge portion of the
second Fc domain monomer and the third Fc domain monomer have the amino acid sequence
DKTHTCPPCPAPELL; the CH2 domains of each Fc domain monomer independently comprise the
amino acid sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
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VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid deletions
or substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid deletions
or substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid
substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK; the CH3 domains of each Fc domain monomer
independently comprise the amino acid sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 10 single amino acid
substitutions; the CH3 domains of each Fc domain monomer independently comprise the amino acid
sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 8 single amino acid
substitutions; the CH3 domains of each Fc domain monomer independently comprise the amino acid
sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 6 single amino acid
substitutions; wherein the CH3 domains of each Fc domain monomer independently comprise the amino
acid sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 5 single amino acid
substitutions; the single amino acid substitutions are selected from the group consisting of: T366Y,
T366W, T394W, T394Y, F405W, F405A, Y407A, S354C, Y349T, T394F, K409D, K409E, K392D, K392E,
K370D, K370E, D399K, D399R, E357K, E357R, D356K, and D356R; each of the Fc domain monomers
independently comprises the amino acid sequence of any of SEQ ID NOs:42, 43, 45, and 47 having up to
10 single amino acid substitutions; up to 6 of the single amino acid substitutions are reverse charge
mutations in the CH3 domain or are mutations forming an engineered protuberance; the single amino
acid substitutions are within the sequence from EU position G341 to EU position K447, inclusive; at least
one of the mutations forming an engineered protuberance is selected from the group consisting of T366Y,
T366W, T394W, T394Y, F405W, S354C, Y349T, and T394F; the two or four reverse charge mutations
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are selected from: K409D, K409E, K392D. K392E, K370D, K370E, D399K, D399R, E357K, E357R,
D356K, and D356R; the CTLA4 binding domain is a scFv; CTLA4 binding domain comprises a VH
domain and a CH1 domain; the CTLA4 binding domain further comprises a VL domain; the VH domain
comprises a set of CDR-H1, CDR-H2 and CDR-H3 sequences set forth in Table 1; the VH domain
comprises CDR-H1, CDR-H2, and CDR-H3 of a VH domain comprising a sequence of an antibody set
forth in Table 2; the VH domain comprises CDR-H1, CDR-H2, and CDR-H3 of a VH sequence of an
antibody set forth in Table 2, and the VH sequence, excluding the CDR-H1, CDR-H2, and CDR-H3
sequence, is at least 95% or 98% identical to the VH sequence of an antibody set forth in Table 2; the VH
domain comprises a VH sequence of an antibody set forth in Table 2; the CTLA4 binding domain
comprises a set of CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences set forth in
Table 1; the CTLA4 binding domain comprises CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-
L3 sequences from a set of a VH and a VL sequence of an antibody set forth in Table 2; the CTLA4
binding domain comprises a VH domain comprising CDR-H1, CDR-H2, and CDR-H3 of a VH sequence of
an antibody set forth in Table 2, and a VL domain comprising CDR-L1, CDR-L2, and CDR-L3 of a VL
sequence of an antibody set forth in Table 2, wherein the VH and the VL domain sequences, excluding
the CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences, are at least 95% or 98%
identical to the VH and VL sequences of an antibody set forth in Table 2; the CTLA4 binding domain
comprises a set of a VH and a VL sequence of an antibody set forth in Table 2; the CTLA4 binding
domain comprises an IgG CL antibody constant domain and an IgG CH1 antibody constant domain; the
CTLA4 binding domain comprises a VH domain and CH1 domain and can bind to a polypeptide
comprising a VL domain and a CL domain to form a Fab.

Also described is a polypeptide complex comprising two copies of any of the polypeptides
described above joined by disulfide bonds between cysteine residues within the hinge of first or second
IgG1 Fc domain monomers.

Also described is a polypeptide complex comprising a polypeptide described above joined to a
second polypeptide comprising and IgG1 Fc domain monomer comprising a hinge domain, a CH2 domain
and a CH3 domain, wherein the polypeptide and the second polypeptide are joined by disulfide bonds
between cysteine residues within the hinge domain of the first, second or third IgG1 Fc domain monomer
of the polypeptide and the hinge domain of the second polypeptide. In various embodiments: the second
polypeptide monomer comprises one, two or three reverse charge mutations; the second polypeptide
monomer comprises one, two or three reverse charge mutations selected from Tables 4A and 4B and are
complementary to the one, two or three reverse charge mutations selected Tables 4A and 4B in the
polypeptide; the second polypeptide comprises the amino acid sequence of any of SEQ ID NOs: 42, 43,
45, and 47 having up to 10 single amino acid substitutions.

In a forty third aspect, the disclosure features a polypeptide comprising: a first IgG1 Fc domain
monomer comprising a hinge domain, a CH2 domain and a CH3 domain; a second linker; a second 1gG1

Fc domain monomer comprising a hinge domain, a CH2 domain and a CH3 domain; an optional third
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linker; and an optional third IgG1 Fc domain monomer comprising a hinge domain, a CH2 domain and a
CH3 domain, wherein at least one Fc domain monomer comprises mutations forming an engineered
protuberance.

In various embodiments of the forty third aspect: the polypeptide further comprises: an antibody
heavy chain variable domain and CH1 domain amino terminal to the first IgG1 monomer or an scFv
amino terminal to the first IgG1 monomer; the first IgG1 Fc domain monomer comprises two or four
reverse charge mutations and the second IgG1 Fc domain monomer comprises mutations forming an
engineered protuberance; the first IgG1 Fc domain monomer comprises mutations forming an engineered
protuberance and the second IgG1 Fc domain monomer comprises two or four reverse charge mutations;
both the first IgG1 Fc domain monomer and the second IgG constant domain monomer comprise
mutations forming an engineered protuberance; the polypeptide comprises a third linker and a third 1gG1
Fc domain monomer wherein the first IgG1 Fc domain monomer, the second IgG1 Fc domain monomer
and the third IgG1 Fc domain monomer each comprise mutations forming an engineered protuberance;
the polypeptide comprises a third linker and a third IgG1 Fc domain monomer wherein both the first IgG1
Fc domain monomer and the second IgG1 Fc domain monomer each comprise mutations forming an
engineered protuberance and the third IgG1 Fc domain monomer comprises two or four reverse charge
mutations; the polypeptide comprises a third linker and third IgG1 Fc domain monomer wherein both the
first IgG1 Fc domain monomer and the third IgG1 Fc domain monomer each comprise mutations forming
an engineered protuberance and the second IgG1 domain monomer comprises two or four reverse
charge mutations; the polypeptide comprises a third linker and a third IgG1 Fc domain monomer wherein
both the second IgG1 Fc domain monomer and the third IgG1 Fc domain monomer each comprise
mutations forming an engineered protuberance and the first IgG1 domain monomer comprises two or four
reverse charge mutations.

In various embodiments of the forty third aspect: the IgG1 Fc domain monomers comprising
mutations forming an engineered protuberance further comprise one, two or three reverse charge
mutations;
the mutations forming an engineered protuberance and the reverse charge mutations are in the CH3
domain; the mutations are within the sequence from EU position G341 to EU position K447, inclusive; the
mutations are single amino acid changes; the second linker and the optional third linker comprise or
consist of an amino acid sequence selected from the group consisting of:
GGGGGGGGGGGGGGGGGGGG, GGGGS, GGSG, SGGG, GSGS, GSGSGS, GSGSGSGS,
GSGSGSGSGS, GSGSGSGSGSGS, GGSGGS, GGSGGSGGS, GGSGGSGGSGGS, GGSG, GGSG,
GGSGGGSG, GGSGGGSGGGSGGGGGSGGGGSGGGGSGGGGS, GENLYFQSGG, SACYCELS,
RSIAT, RPACKIPNDLKQKVMNH, GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG,
AAANSSIDLISVPVDSR, GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS,
GGGSGGGSGGGS, SGGGSGGGSGGGSGGGSGGG, GGSGGGSGGGSGGGSGGS, GGGG,
GGGGGGGEG, GGGGGGGGGGGG and GGGGGGGGGGGGGGGGE; the second linker and the optional
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third linker is a glycine spacer; the second linker and the optional third linker independently consist of 4 to
30, 4 to 20, 8 t0 30, 8to 20, 12 to 20 or 12 to 30 glycine residues; the second linker and the optional third
linker consist of 20 glycine residues; at least one of the Fc domain monomers comprises a single amino
acid mutation at EU position 1253 each amino acid mutation at EU position 1253 is independently selected
from the group consisting of 1253A, 1253C, 1253D, 1253E, 1253F, 1253G, 1253H, 1253l, 1253K, 1253L,
1253M, 1253N, 1253P, 1253Q, 1253R, 12538, 1253T, 1253V, 1253W, and 1253Y; each amino acid mutation at
position 1253 is 1253A; at least one of the Fc domain monomers comprises a single amino acid mutation
at EU position R292; each amino acid mutation at EU position R292 is independently selected from the
group consisting of R292D, R292E, R292L, R292P, R292Q, R292R, R292T, and R292Y; each amino
acid mutation at position R292 is R292P; each Fc domain monomer independently comprises or consists
of an amino acid sequence selected from the group consisting of EPKSCDKTHTCPPCPAPELL and
DKTHTCPPCPAPELL; the hinge portion of the second Fc domain monomer and the third Fc domain
monomer have the amino acid sequence DKTHTCPPCPAPELL,; the hinge portion of the first Fc domain
monomer has the amino acid sequence EPKSCDKTHTCPPCPAPEL; the hinge portion of the first Fc
domain monomer has the amino acid sequence EPKSCDKTHTCPPCPAPEL and the hinge portion of the
second Fc domain monomer and the third Fc domain monomer have the amino acid sequence
DKTHTCPPCPAPELL; the CH2 domains of each Fc domain monomer independently comprise the
amino acid sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid deletions
or substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid deletions
or substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid
substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK; the CH3 domains of each Fc domain monomer
independently comprise the amino acid sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 10 single amino acid

substitutions; the CH3 domains of each Fc domain monomer independently comprise the amino acid
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sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 8 single amino acid
substitutions; the CH3 domains of each Fc domain monomer independently comprise the amino acid
sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 6 single amino acid
substitutions; wherein the CH3 domains of each Fc domain monomer independently comprise the amino
acid sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 5 single amino acid
substitutions; the single amino acid substitutions are selected from the group consisting of: T366Y,
T366W, T394W, T394Y, F405W, F405A, Y407A, S354C, Y349T, T394F, K409D, K409E, K392D, K392E,
K370D, K370E, D399K, D399R, E357K, E357R, D356K, and D356R; each of the Fc domain monomers
independently comprises the amino acid sequence of any of SEQ ID NOs:42, 43, 45, and 47 having up to
10 single amino acid substitutions; up to 6 of the single amino acid substitutions are reverse charge
mutations in the CH3 domain or are mutations forming an engineered protuberance; the single amino
acid substitutions are within the sequence from EU position G341 to EU position K447, inclusive; at least
one of the mutations forming an engineered protuberance is selected from the group consisting of T366Y,
T366W, T394W, T394Y, F405W, S354C, Y349T, and T394F; the two or four reverse charge mutations
are selected from: K409D, K409E, K392D. K392E, K370D, K370E, D399K, D399R, E357K, E357R,
D356K, and D356R.

In a forty fourth aspect the disclosure features a polypeptide comprising: a first IgG1 Fc domain
monomer comprising a hinge domain, a CH2 domain and a CH3 domain; a second linker; a second 1gG1
Fc domain monomer comprising a hinge domain, a CH2 domain and a CH3 domain; an optional third
linker; and an optional third IgG1 Fc domain monomer comprising a hinge domain, a CH2 domain and a
CH3 domain, wherein at least one Fc domain monomer comprises one, two or three reverse charge
amino acid mutations.

In various embodiments of the forty fourth aspect: the polypeptide further comprises an antibody
heavy chain variable domain and CH1 domain amino terminal to the first IgG1 Fc domain monomer or
scFv amino terminal to the first IgG1 Fc domain monomer; the first IgG1 Fc domain monomer comprises
a set of two reverse charge mutations selected from those in Tables 4A and 4B or a set of four reverse
charge mutation selected from those in Tables 4A and 4B and the second IgG1 Fc domain monomer
comprises one, two or three reverse charge amino acid mutations selected from Tables 4A and 4B; the
first IgG1 Fc domain monomer comprises one, two or three reverse charge amino acid mutations selected
from Tables 4A and 4B and the second IgG1 Fc domain monomer comprises a set of two reverse charge

mutations selected from those in Tables 4a and 4b or a set of four reverse charge mutation selected from
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those in Tables 4A and 4B; both the first IgG1 Fc domain monomer and the second IgG constant domain
monomer comprise one, two or three reverse charge amino acid mutations selected from Tables 4A and
4B; the polypeptide further comprises a third linker and a third IgG1 Fc domain monomer wherein the first
IgG1 Fc domain monomer, the second IgG1 Fc domain monomer and the third IgG1 Fc domain monomer
each comprise one, two or three reverse charge amino acid mutations selected from Tables 4A and 4B;
the polypeptide further comprises a third linker and a third IgG1 Fc domain monomer wherein both the
first IgG1 Fc domain monomer and the second IgG1 Fc domain monomer each comprise one, two or
three reverse charge amino acid mutations selected from Tables 4A and 4B and the third IgG1 Fc domain
monomer comprises a set of two reverse charge mutations selected from those in Tables 4A and 4B or a
set of four reverse charge mutation selected from those in Tables 4A and 4B; the polypeptide further
comprises a third linker and third IgG1 Fc domain monomer wherein both the first IgG1 Fc domain
monomer and the third IgG1 Fc domain monomer each comprise one, two or three reverse charge amino
acid mutations selected from Tables 4A and 4B and the second IgG1 domain monomer comprises a set
of two reverse charge mutations selected from those in Tables 4A and 4B or a set of four reverse charge
mutation selected from those in Tables 4A and 4B; the polypeptide further comprises a third linker and a
third IgG1 Fc domain monomer wherein both the second IgG1 Fc domain monomer and the third IgG1 Fc
domain monomer each comprise one, two or three reverse charge amino acid mutations selected from
Tables 4A and 4B and the first IgG1 domain monomer comprises a set of two reverse charge mutations
selected from those in Tables 4A and 4B or a set of four reverse charge mutation selected from those in
Tables 4A and 4BB; the IgG1 Fc domain monomers comprising one, two or three reverse charge amino
acid mutations selected from Tables 4A and 4B have identical CH3 domains; one, two or three reverse
charge amino acid mutations selected from Tables 4A and 4B are in the CH3 domain; the mutations are
within the sequence from EU position G341 to EU position K447, inclusive; the mutations are each single
amino acid changes; the mutations are within the sequence from EU position G341 to EU position K446,
inclusive; the mutations are single amino acid changes; the second linker and the optional third linker
comprise or consist of an amino acid sequence selected from the group consisting of:
GGGGGGGGGGGGGGGGGGGG, GGGGS, GGSG, SGGG, GSGS, GSGSGS, GSGSGSGS,
GSGSGSGSGS, GSGSGSGSGSGS, GGSGGS, GGSGGSGGS, GGSGGSGGSGGS, GGSG, GGSG,
GGSGGGSG, GGSGGGSGGGSGGGGGSGGGGSGGGGSGGGGS, GENLYFQSGG, SACYCELS,
RSIAT, RPACKIPNDLKQKVMNH, GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG,
AAANSSIDLISVPVDSR, GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS,
GGGSGGGSGGGS, SGGGSGGGSGGGSGGGSGGG, GGSGGGSGGGSGGGSGGS, GGGG,
GGGGGGGEG, GGGGGGGGGGGG and GGGGGGGGGGGGGGGGE; the second linker and the optional
third linker is a glycine spacer; the second linker and the optional third linker independently consist of 4 to
30, 4 to 20, 8 t0 30, 8to 20, 12 to 20 or 12 to 30 glycine residues; the second linker and the optional third
linker consist of 20 glycine residues; at least one of the Fc domain monomers comprises a single amino

acid mutation at EU position 1253 each amino acid mutation at EU position 1253 is independently selected
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from the group consisting of 1253A, 1253C, 1253D, 1253E, 1253F, 1253G, 1253H, 1253l, 1253K, 1253L,
1253M, 1253N, 1253P, 1253Q, 1253R, 12538, 1253T, 1253V, 1253W, and 1253Y; each amino acid mutation at
position 1253 is 1253A; at least one of the Fc domain monomers comprises a single amino acid mutation
at EU position R292; each amino acid mutation at EU position R292 is independently selected from the
group consisting of R292D, R292E, R292L, R292P, R292Q, R292R, R292T, and R292Y; each amino
acid mutation at position R292 is R292P; each Fc domain monomer independently comprises or consists
of an amino acid sequence selected from the group consisting of EPKSCDKTHTCPPCPAPELL and
DKTHTCPPCPAPELL; the hinge portion of the second Fc domain monomer and the third Fc domain
monomer have the amino acid sequence DKTHTCPPCPAPELL,; the hinge portion of the first Fc domain
monomer has the amino acid sequence EPKSCDKTHTCPPCPAPEL; the hinge portion of the first Fc
domain monomer has the amino acid sequence EPKSCDKTHTCPPCPAPEL and the hinge portion of the
second Fc domain monomer and the third Fc domain monomer have the amino acid sequence
DKTHTCPPCPAPELL; the CH2 domains of each Fc domain monomer independently comprise the
amino acid sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid deletions
or substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid deletions
or substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK with no more than two single amino acid
substitutions; the CH2 domains of each Fc domain monomer are identical and comprise the amino acid
sequence:
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK; the CH3 domains of each Fc domain monomer
independently comprise the amino acid sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 10 single amino acid
substitutions; the CH3 domains of each Fc domain monomer independently comprise the amino acid
sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 8 single amino acid

substitutions; the CH3 domains of each Fc domain monomer independently comprise the amino acid
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sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 6 single amino acid
substitutions; wherein the CH3 domains of each Fc domain monomer independently comprise the amino
acid sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG with no more than 5 single amino acid
substitutions; the single amino acid substitutions are selected from the group consisting of: T366Y,
T366W, T394W, T394Y, F405W, F405A, Y407A, S354C, Y349T, T394F, K409D, K409E, K392D, K392E,
K370D, K370E, D399K, D399R, E357K, E357R, D356K, and D356R; each of the Fc domain monomers
independently comprises the amino acid sequence of any of SEQ ID NOs:42, 43, 45, and 45 having up to
10 single amino acid substitutions; up to 6 of the single amino acid substitutions are reverse charge
mutations in the CH3 domain or are mutations forming an engineered protuberance; the single amino
acid substitutions are within the sequence from EU position G341 to EU position K447, inclusive; the VH
domain or scFv comprises a set of CDR-H1, CDR-H2 and CDR-H3 sequences set forth in Table 1; the
VH domain or scFv comprises CDR-H1, CDR-H2, and CDR-H3 of a VH domain comprising a sequence
of an antibody set forth in Table 2; the VH domain or scFv comprises CDR-H1, CDR-H2, and CDR-H3 of
a VH sequence of an antibody set forth in Table 2, and the VH sequence, excluding the CDR-H1, CDR-
H2, and CDR-H3 sequence, is at least 95% or 98% identical to the VH sequence of an antibody set forth
in Table 2; the VH domain or scFv comprises a VH sequence of an antibody set forth in Table 2; the VH
domain or scFv comprises a set of CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3
sequences set forth in Table 1; the VH domain or scFv comprises CDR-H1, CDR-H2, CDR-H3, CDR-L1,
CDR-L2, and CDR-L3 sequences from a set of a VH and a VL sequence of an antibody set forth in Table
2; the VH domain or scFv main comprises a VH domain comprising CDR-H1, CDR-H2, and CDR-H3 of a
VH sequence of an antibody set forth in Table 2, and a VL domain comprising CDR-L1, CDR-L2, and
CDR-L3 of a VL sequence of an antibody set forth in Table 2, wherein the VH and the VL domain
sequences, excluding the CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 sequences, are at
least 95% or 98% identical to the VH and VL sequences of an antibody set forth in Table 2; the VH
domain or scFv comprises a set of a VH and a VL sequence of an antibody set forth in Table 2.

Also describes is a nucleic acid molecule encoding any of the forgoing polypeptides of the forty
first, forty second, forty third and forty fourth aspects.

Also described is: an expression vector that includes a nucleic acid encoding any of the forgoing
polypeptide; host cells containing the nucleic acids or expression vectors; host cells further containing a
nucleic acid molecule encoding a polypeptide comprising an antibody VL domain (e.g., a nucleic acid
molecule encoding a polypeptide comprising an antibody VL domain and an antibody CL domain); a host
cell further containing a nucleic acid molecule encoding a polypeptide comprising an antibody VL domain

and an antibody CL domain; a host cells further containing a nucleic acid molecule encoding a
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polypeptide comprising an IgG1 Fc domain monomer having no more than 10 single amino acid
mutations; a host cell further containing a nucleic acid molecule encoding a polypeptide comprising 1gG1
Fc domain monomer having no more than 10 single amino acid mutations. In various embodiments: the
IgG1 Fc domain monomer comprises the amino acid sequence of any of SEQ ID Nos; 42, 43, 45 and 47
having no more than 10, 8, 6 or 4 single amino acid mutations in the CH3 domain.

Also described is a pharmaceutical composition comprising any of the polypeptide or polypeptide
complexes described herein. In various embodiments less than 40%, 30%, 20%, 10%, 5%, 2% of the
polypeptides have at least one fucose.

The polypeptides of the of forty first, forty second, forty third and forty fourth aspects of the
disclosure are useful as components of the various Fc-antigen binding domain constructs described
herein. Thus, the polypeptides of any of the first through fortieth aspects, e.g., those can comprise a
CTLA4 binding domain, can comprise or consist of the polypeptides of any of forty first, forty second, forty
third and forty fourth aspects of the disclosure.

Other useful polypeptides for use in all aspects of the disclosure include polypeptides comprising
an Fc domain monomer (e.g., comprising or consisting of the amino acid sequence of any of SEQ ID Nos:
42, 43, 45 and 47 with no more than 8, 6, 5, 4, or 3 single amino acid substitutions) having one, two or
three mutations forming a cavity (e.g., selected from: Y407T Y407A, F405A, T394S, T394W.Y407T,
T394S:Y407A, T366W:T394S, F405T, T366S:L368A:Y407V:Y349C, S364H:F405A). These polypeptides
can optionally include one, two or three reverse charge mutations from Tables 4A and 4B.

In all aspects of the disclosure, some or all of the Fc domain monomers (e.g., an Fc domain
monomer comprising the amino acid sequence of any of SEQ ID Nos; 42, 43, 45 and 47 having no more
than 10, 8, 6 or 4 single amino acid substitutions (e.g., in the CH3 domain only) can have one or both of a
E345K and E43G amino acid substitution in addition to other amino acid substitutions or modifications.
The E345K and E43G amino acid substitutions can increase Fc domain multimerization.

Also described is a method for treating a cancer, e.g., melanoma or metastatic melanoma, with a
composition comprising a CTLA-binding construct described herein.

Also described herein is an Fc-antigen binding domain construct comprising:

a) a first polypeptide comprising:

i) a first Fc domain monomer,

ii) a second Fc domain monomer

iii) a first CTLA-4 heavy chain binding domain, and

iv) a linker joining the first and second Fc domain monomers;
b) a second polypeptide comprising:

i) a third Fc domain monomer,

i) a fourth Fc domain monomer

iii) a second CTLA-4 heavy chain binding domain and

iv) a linker joining the third and fourth Fc domain monomers;
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¢) a third polypeptide comprising a fifth Fc domain monomer,

d) a fourth polypeptide comprising a sixth Fc domain monomer;

e) a fifth polypeptide comprising a first CTLA-4 light chain binding domain; and

f) a sixth polypeptide comprising a second CTLA-4 light chain binding domain;

wherein the first and third Fc domain monomers together form a first Fc domain, the second and
fith Fc domain monomers together form a second Fc domain, the fourth and sixth Fc monomers together
form a third Fc domain, the first CTLA-4 heavy chain binding domain and first CTLA-4 light chain binding
domain together form a first Fab; and the second CTLA-4 heavy chain binding domain and second CTLA-
4 light chain binding domain together form a second Fab.

In various embodiments: the first and second polypeptides are identical in sequence; the third
and fourth polypeptides are identical in sequence; the fifth and sixth polypeptides are identical in
sequence; the first and second polypeptides are identical in sequence, the third and fourth polypeptides
are identical in sequence, and the fifth and sixth polypeptides are identical in sequence; the CH3 domain
of each of the Fc domain monomers includes upto 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions;
the CH3 domain of each of the Fc domain monomers includes upto 8, 7, 6, 5, 4, 3, 2 or 1 single amino
acid substitutions compared to the amino acid sequence of human IgG; each of the Fc domain monomers
independently comprises the amino acid sequence of any of SEQ ID NOs:42, 43, 45, and 47 having up to
10, 8,7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions; the single amino acids substitutions are only in
the CH3 domain; the first and third Fc domain monomers comprise up t0 8, 7, 6, 5, 4, 3, 2 or 1 single
amino acid substitutions that promote homodimerization between the first and third Fc domain monomers;
the second and fifth Fc domain monomers comprise up to 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid
substitutions that promote heterodimerization between the second and fifth Fc domain monomers and the
fourth and sixth Fc domain monomers comprise upto 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid
substitutions that promote heterodimerization between the fourth and sixth Fc domain monomers; the
substitutions that promote homodimerization are selected from substitutions in Table 4A and 4B; and
the substitutions that promote heterodimerization are selected from substitutions in Table 3.

Also described is anFc-antigen binding domain construct comprising:

a) a first polypeptide comprising:

i) a first Fc domain monomer,

ii) a second Fc domain monomer

iii) a first CTLA-4 heavy chain binding domain, and

iv) a linker joining the first and second Fc domain monomers;
b) a second polypeptide comprising:

i) a third Fc domain monomer,

i) a fourth Fc domain monomer

iii) a second CTLA-4 heavy chain binding domain and

iv) a linker joining the third and fourth Fc domain monomers;
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¢) a third polypeptide comprising a fifth Fc domain monomer and a first CTLA-4 light chain
binding domain; and

d) a fourth polypeptide comprising a sixth Fc domain monomer and a second CTLA-4 light chain
binding domain;

wherein the first and third Fc domain monomers together form a first Fc domain, the second and
fith Fc domain monomers together form a second Fc domain, the fourth and sixth Fc monomers together
form a third Fc domain, the first CTLA-4 heavy chain binding domain and first CTLA-4 light chain binding
domain together form a first Fab; and the second CTLA-4 heavy chain binding domain and second CTLA-
4 light chain binding domain together form a second Fab.

Also described is an Fc-antigen binding domain construct, comprising:

a) a first polypeptide comprising:

i) a first Fc domain monomer,

ii) a second Fc domain monomer

iii) a first CTLA-4 heavy chain binding domain ,and

iv) a linker joining the first and second Fc domain monomers;
b) a second polypeptide comprising:

i) a third Fc domain monomer,

i) a fourth Fc domain monomer

iii) a second CTLA-4 heavy chain binding domain and

iv) a linker joining the third and fourth Fc domain monomers;

¢) a third polypeptide comprising a fifth Fc domain monomer,

d) a fourth polypeptide comprising a sixth Fc domain monomer;

e) a fifth polypeptide comprising a first CTLA-4 light chain binding domain; and

f) a sixth polypeptide comprising a second CTLA-4 light chain binding domain;

wherein the first and fifth Fc domain monomers together form a first Fc domain, the third and sixth
Fc domain monomers together form an second Fc domain, the second and fourth Fc monomers together
form a third Fc domain, the first CTLA-4 heavy chain binding domain and first CTLA-4 light chain binding
domain together form a first Fab; and the second CTLA-4 heavy chain binding domain and second CTLA-
4 light chain binding domain together form a second Fab.

In various embodiments: the first and second polypeptides are identical in sequence; third and
fourth polypeptides are identical in sequence; the fifth and sixth polypeptides are identical in sequence;
the first and second polypeptides are identical in sequence, the third and fourth polypeptides are identical
in sequence, and the fifth and sixth polypeptides are identical in sequence; the CH3 domain of each of
the Fc domain monomers includes upto 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions; the CH3
domain of each of the Fc domain monomers includes upto 8,7, 6, 5, 4, 3, 2 or 1 single amino acid
substitutions compared to the amino acid sequence of human IgG1; each of the Fc domain monomers

independently comprises the amino acid sequence of any of SEQ ID NOs:42, 43, 45, and 47 having up to
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10, 8,7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions; the single amino acids substitutions are only in
the CH3 domain; the second and fourth Fc domain monomers comprise upto 8, 7, 6, 5, 4, 3, 2 or 1 single
amino acid substitutions that promote homodimerization between the second and fourth Fc domain
monomers; the first and fifth Fc domain monomers comprise up to 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid
substitutions that promote heterodimerization between the first and fifth Fc domain monomers and the
third and sixth Fc domain monomers comprise up to 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions
that promote heterodimerization between the fourth and sixth Fc domain monomers; the substitutions that
promote homodimerization are selected from substitutions in Table 4A and 4B; and the substitutions that
promote heterodimerization are selected from substitutions in Table 3.
Also described in an Fc-antigen binding domain construct, comprising:
a) a first polypeptide comprising:
i) a first Fc domain monomer,
ii) a second Fc domain monomer,
iii) a third Fc domain monomer,
iv) a first CTLA-4 heavy chain binding domain,
v) a linker joining the first and he second Fc domain monomers, and
vi) a linker joining the second and third Fc domain monomers;
b) a second polypeptide comprising:
i) a fourth Fc domain monomer,
i) a fith Fc domain monomer,
iii) a sixth Fc domain monomer,
iv) a second CTLA-4 heavy chain binding domain,
v) a linker joining the fourth and fifth Fc domain monomers, and
vi) a linker joining the fifth and sixth Fc domain monomers;
¢) a third polypeptide comprising a seventh Fc domain monomer;
d) a fourth polypeptide comprising an eighth Fc domain monomer;
e) a fifth polypeptide comprising ninth Fc domain monomer;
f) a sixth polypeptide comprising a tenth Fc domain monomer,
g) a seventh polypeptide comprising a first CTLA-4 light chain binding domain; and
h) an eighth polypeptide comprising a second CTLA-4 light chain binding domain;
wherein the first and seventh Fc domain monomers together form a first Fc domain, the fourth
and eighth Fc domain monomers together form an second Fc domain, the second and fifth Fc monomer
together form a third Fc domain, the third and ninth Fc domain monomers together form a fourth Fc
domain, the sixth and tenth Fc monomers together form a fifth Fc domain, the first CTLA-4 heavy chain
binding domain and first CTLA-4 light chain binding domain together form a first Fab; and the second
CTLA-4 heavy chain binding domain and second CTLA-4 light chain binding domain together form a

second Fab.
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In various embodiments: the first and second polypeptides are identical in sequence; the third
and fourth polypeptides are identical in sequence; the fifth and sixth polypeptides are identical in
sequence; the seventh and eighth polypeptides are identical in sequence; the first and second
polypeptides are identical in sequence, the third and fourth polypeptides are identical in sequence, the
fith and sixth polypeptides are identical in sequence, and the seventh and eighth polypeptides are
identical in sequence; the CH3 domain of each of the Fc domain monomers includes upto 8, 7, 6, 5, 4, 3,
2 or 1 single amino acid substitutions; the CH3 domain of each of the Fc domain monomers includes up
t08,7,6, 5,4, 3, 2 or1 single amino acid substitutions compared to the amino acid sequence of human
IgG1; the Fc domain monomers independently comprises the amino acid sequence of any of SEQ ID
NOs:42, 43, 45, and 47 having up to 10, 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions; the single
amino acids substitutions are only in the CH3 domain; the second and fifth Fc domain monomers
comprise upto 8,7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions that promote homodimerization
between the second and fifth Fc domain monomers; the first and seventh Fc domain monomers comprise
upto 8, 7,6, 5,4, 3, 2or1 single amino acid substitutions that promote heterodimerization between the
first and seventh Fc domain monomers, the fourth and eighth Fc domain monomers comprise upto 8, 7,
6, 5, 4, 3, 2 or 1 single amino acid substitutions that promote heterodimerization between the fourth and
eighth Fc domain monomers, the third and ninth Fc domain monomers comprise upto 8,7, 6, 5,4, 3,2 or
1 single amino acid substitutions that promote heterodimerization between the third and ninth Fc domain
monomers, and the sixth and tenth Fc domain monomers comprise upto 8, 7, 6, 5, 4, 3, 2 or 1 single
amino acid substitutions that promote heterodimerization between the sixth and tenth Fc domain
monomers; the substitutions that promote homodimerization are selected from substitutions in Table 4A
and 4B; the substitutions that promote heterodimerization are selected from substitutions in Table 3.

Also described is an Fc-antigen binding domain construct, comprising:

a) a first polypeptide comprising:

i) a first Fc domain monomer,

ii) a second Fc domain monomer,

iii) a third Fc domain monomer,

iv) a first CTLA-4 heavy chain binding domain,

v) a linker joining the first and he second Fc domain monomers, and

vi) a linker joining the second and third Fc domain monomers;
b) a second polypeptide comprising:

i) a fourth Fc domain monomer,

i) a fith Fc domain monomer,

iii) a sixth Fc domain monomer,

iv) a second CTLA-4 heavy chain binding domain,

v) a linker joining the fourth and fifth Fc domain monomers, and

vi) a linker joining the fifth and sixth Fc domain monomers;
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¢) a third polypeptide comprising a seventh Fc domain monomer;

d) a fourth polypeptide comprising an eighth Fc domain monomer;

e) a fifth polypeptide comprising ninth Fc domain monomer and a first CTLA-4 light chain binding
domain; and

f) a sixth polypeptide comprising a tenth Fc domain monomer and ; a second CTLA-4 light chain
binding domain

wherein the first and seventh Fc domain monomers together form a first Fc domain, the fourth
and eighth Fc domain monomers together form an second Fc domain, the second and fifth Fc monomer
together form a third Fc domain, the third and ninth Fc domain monomers together form a fourth Fc
domain, the sixth and tenth Fc monomers together form a fifth Fc domain, the first CTLA-4 heavy chain
binding domain and first CTLA-4 light chain binding domain together form a first Fab; and the second
CTLA-4 heavy chain binding domain and second CTLA-4 light chain binding domain together form a
second Fab.

Also described is an Fc-antigen binding domain construct, comprising:

a) a first polypeptide comprising:
i) a first Fc domain monomer,
ii) a second Fc domain monomer,
iii) a third Fc domain monomer,
iv) a first CTLA-4 heavy chain binding domain,
v) a linker joining the first and second Fc domain monomers, and
vi) a linker joining the second and te third Fc domain monomers;
b) a second polypeptide comprising:
i) a fourth Fc domain monomer,
i) a fith Fc domain monomer,
iii) a sixth Fc domain monomer,
iv) a second CTLA-4 heavy chain binding domain,
v) a linker joining the fourth and fifth Fc domain monomers, and
vi) a linker joining the fifth and sixth Fc domain monomers;
¢) a third polypeptide comprising a seventh Fc domain monomer;
d) a fourth polypeptide comprising an eighth Fc domain monomer;
e) a fifth polypeptide comprising ninth Fc domain monomer;
f) a sixth polypeptide comprising a tenth Fc domain monomer,
g) a seventh polypeptide comprising a first CTLA-4 light chain binding domain; and
h) an eighth polypeptide comprising a second CTLA-4 light chain binding domain;
wherein the first and fourth Fc domain monomers together form a first Fc domain, the second and
seventh Fc domain monomers together form an second Fc domain, the fifth and eighth Fc monomers

together form a third Fc domain, the third and ninth Fc domain monomers together form a fourth Fc
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domain, the sixth and tenth Fc monomers together form a fifth Fc domain, the first CTLA-4 heavy chain
binding domain and first CTLA-4 light chain binding domain together form a first Fab; and the second
CTLA-4 heavy chain binding domain and second CTLA-4 light chain binding domain together form a

second Fab.

In various embodiments: the first and second polypeptides are identical in sequence; the third
and fourth polypeptides are identical in sequence; the fifth and sixth polypeptides are identical in
sequence; the seventh and eighth polypeptides are identical in sequence; the first and second
polypeptides are identical in sequence, the third and fourth polypeptides are identical in sequence, the
fith and sixth polypeptides are identical in sequence, and the seventh and eighth polypeptides are
identical in sequence; the CH3 domain of each of the Fc domain monomers includes upto 8, 7, 6, 5, 4, 3,
2 or 1 single amino acid substitutions; the CH3 domain of each of the Fc domain monomers includes up
t08,7,6, 5, 4, 3, 2 or 1 single amino acid substitutions compared to the amino acid sequence of human
IgG1; each of the Fc domain monomers independently comprises the amino acid sequence of any of
SEQ ID NOs:42, 43, 45, and 47 having up to 10, 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions; the
single amino acids substitutions are only in the CH3 domain; the first and fourth Fc domain monomers
comprise upto 8,7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions that promote homodimerization
between the first and fourth Fc domain monomers; the second and seventh Fc domain monomers
comprise upto 8,7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions that promote heterodimerization
between the second and seventh Fc domain monomers, the fifth and eighth Fc domain monomers
comprise upto 8,7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions that promote heterodimerization
between the fifth and eighth Fc domain monomers, the third and ninth Fc domain monomers comprise up
108, 7,6, 5, 4, 3, 2 or 1 single amino acid substitutions that promote heterodimerization between the third
and ninth Fc domain monomers, and the sixth and tenth Fc domain monomers comprise upto 8, 7, 6, 5,
4, 3, 2 or 1 single amino acid substitutions that promote heterodimerization between the sixth and tenth
Fc domain monomers; the substitutions that promote homodimerization are selected from substitutions in
Table 4A and 4B; and the substitutions that promote heterodimerization are selected from substitutions in
Table 3.

Also described is an Fc-antigen binding domain construct, comprising:
a) a first polypeptide comprising:

i) a first Fc domain monomer,

ii) a second Fc domain monomer,

iii) a third Fc domain monomer,

iv) a first CTLA-4 heavy chain binding domain,

v) a linker joining the first and second Fc domain monomers, and

vi) a linker joining the second and te third Fc domain monomers;
b) a second polypeptide comprising:

i) a fourth Fc domain monomer,

42



10

15

20

25

30

35

CA 03106207 2021-01-11

WO 2020/014413 PCT/US2019/041293

i) a fith Fc domain monomer,
iii) a sixth Fc domain monomer,
iv) a second CTLA-4 heavy chain binding domain,
v) a linker joining the fourth and fifth Fc domain monomers, and
vi) a linker joining the fifth and sixth Fc domain monomers;
¢) a third polypeptide comprising a seventh Fc domain monomer;
d) a fourth polypeptide comprising an eighth Fc domain monomer;
e) a fifth polypeptide comprising ninth Fc domain monomer and a first CTLA-4 light chain binding
domain;
f) a sixth polypeptide comprising a tenth Fc domain monomer and a second CTLA-4 light chain
binding domain;
wherein the first and fourth Fc domain monomers together form a first Fc domain, the second and
seventh Fc domain monomers together form an second Fc domain, the fifth and eighth Fc monomers
together form a third Fc domain, the third and ninth Fc domain monomers together form a fourth Fc
domain, the sixth and tenth Fc monomers together form a fifth Fc domain, the first CTLA-4 heavy chain
binding domain and first CTLA-4 light chain binding domain together form a first Fab; and the second
CTLA-4 heavy chain binding domain and second CTLA-4 light chain binding domain together form a
second Fab.
Also described is an Fc-antigen binding domain construct, comprising:
a) a first polypeptide comprising:
i) a first Fc domain monomer,
ii) a second Fc domain monomer,
iii) a linker joining the first and second Fc domain monomers, and
b) a second polypeptide comprising:
i) a third Fc domain monomer,
i) a fourth Fc domain monomer
iii) a linker joining the third and fourth Fc domain monomers;
¢) a third polypeptide comprising a fifth Fc domain monomer and a first CTLA-4 heavy chain
binding domain and,;
d) a fourth polypeptide comprising a sixth Fc domain monomer a second CTLA-4 heavy chain
binding domain;
e) a fifth polypeptide comprising a first CTLA-4 light chain binding domain; and
f) a sixth polypeptide comprising a second CTLA-4 light chain binding domain;
wherein the first and fifth Fc domain monomers together form a first Fc domain, the third and sixth
Fc domain monomers together form an second Fc domain, the second and fourth Fc domain monomers
together form a third Fc domain, the first CTLA-4 heavy chain binding domain and first CTLA-4 light chain
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binding domain together form a first Fab; and the second CTLA-4 heavy chain binding domain and

second CTLA-4 light chain binding domain together form a second Fab.

In various embodiments: the first and second polypeptides are identical in sequence; the third
and fourth polypeptides are identical in sequence; the fifth and sixth polypeptides are identical in
sequence; the first and second polypeptides are identical in sequence, the third and fourth polypeptides
are identical in sequence, and the fifth and sixth polypeptides are identical in sequence; the CH3 domain
of each of the Fc domain monomers includes upto 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions;
the CH3 domain of each of the Fc domain monomers includes upto 8, 7, 6, 5, 4, 3, 2 or 1 single amino
acid substitutions compared to the amino acid sequence of human IgG1; each of the Fc domain
monomers independently comprises the amino acid sequence of any of SEQ ID NOs:42, 43, 45, and 47
having upto 10, 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions; the single amino acids substitutions
are only in the CH3 domain; the second and fourth Fc domain monomers comprise upto 8,7,6, 5,4, 3,2
or 1 single amino acid substitutions that promote homodimerization between the second and fourth Fc
domain monomers; the first and fifth Fc domain monomers comprise upto 8, 7, 6, 5, 4, 3, 2 or 1 single
amino acid substitutions that promote heterodimerization between the first and fifth Fc domain monomers
and the third and sixth Fc domain monomers comprise upto 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid
substitutions that promote heterodimerization between the third and sixth Fc domain monomers; the
substitutions that promote homodimerization are selected from substitutions in Table 4A and 4B; the
substitutions that promote heterodimerization are selected from substitutions in Table 3.

Also described is an Fc-antigen binding domain construct, comprising:

a) a first polypeptide comprising:

i) a first Fc domain monomer,

ii) a second Fc domain monomer,

iii) a first CTLA-4 heavy chain binding domain, and

iv) a linker joining the first and second Fc domain monomers,
b) a second polypeptide comprising:

i) a third Fc domain monomer,

i) a fourth Fc domain monomer,

iii) a second CTLA-4 heavy chain binding domain, and

iv) a linker joining the third and fourth Fc domain monomers,

¢) a third polypeptide comprising a fifth Fc domain monomer and a third CTLA-4 heavy chain
binding domain;

d) a fourth polypeptide comprising a sixth Fc domain monomer and a fourth CTLA-4 light chain
binding domain;

e) a fifth polypeptide comprising a first CTLA-4 light chain binding domain;

f) a sixth polypeptide comprising a second CTLA-4 light chain binding domain;
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g) a seventh polypeptide comprising a third CTLA-4 light chain binding domain; and

h) an eighth polypeptide comprising a fourth CTLA-4 light chain binding domain;

wherein the first and fifth Fc domain monomers together form a first Fc domain, the third and sixth
Fc domain monomers together form an second Fc domain, the second and fourth Fc monomers together
form a third Fc domain, the first CTLA-4 light chain binding domain and third CTLA-4 heavy chain binding
domain together form a first Fab, the second CTLA-4 light chain binding domain and fourth CTLA-4 heavy
chain binding domain together form a second Fab, the third CTLA-4 light chain binding domain and first
CTLA-4 heavy chain binding domain together form a third Fab; and the fourth CTLA-4 light chain binding
domain and second CTLA-4 heavy chain binding domain together form a second Fab

In various embodiments: the first and second polypeptides are identical in sequence; the third
and fourth polypeptides are identical in sequence; the fifth, sixth, seventh and eighth polypeptides are
identical in sequence; the first and second polypeptides are identical in sequence, the third and fourth
polypeptides are identical in sequence, and the fifth, sixth, seventh and eighth polypeptides are identical
in sequence; the CH3 domain of each of the Fc domain monomers includes upto 8, 7,6, 5,4, 3,2 or 1
single amino acid substitutions; the CH3 domain of each of the Fc domain monomers includes up to 8, 7,
6, 5, 4, 3, 2 or 1 single amino acid substitutions compared to the amino acid sequence of human IgG1;
each of the Fc domain monomers independently comprises the amino acid sequence of any of SEQ ID
NOs:42, 43, 45, and 47 having up to 10, 8, 7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions; the single
amino acids substitutions are only in the CH3 domain; the second and fourth Fc domain monomers
comprise upto 8,7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions that promote homodimerization
between the second and fourth Fc domain monomers; wherein the first and fifth Fc domain monomers
comprise upto 8,7, 6, 5, 4, 3, 2 or 1 single amino acid substitutions that promote heterodimerization
between the first and fifth Fc domain monomers and the third and sixth Fc domain monomers comprise
upto 8, 7,6, 5,4, 3, 2or1 single amino acid substitutions that promote heterodimerization between the
third and sixth Fc domain monomers; the substitutions that promote homodimerization are selected from
substitutions in Table 4A and 4B; and the substitutions that promote heterodimerization are selected from
substitutions in Table 3.

In various embodiments: each linker comprise3 or consist of an amino acid sequence selected
from the group consisting of. GGGGGGGGGGGGGGGGGGGG, GGGGS, GGSG, SGGG, GSGS,
GSGSGS, GSGSGSGS, GSGSGSGSGS, GSGSGSGSGSGS, GGSGGS, GGSGGSGGS,
GGSGGSGGSGGS, GGSG, GGSG, GGSGGGSG,
GGSGGGSGGGSGGGGGSGGGGSGGGGSGGGGS, GENLYFQSGG, SACYCELS, RSIAT,
RPACKIPNDLKQKVMNH, GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG,
AAANSSIDLISVPVDSR, GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS,
GGGSGGGSGGGS, SGGGSGGGSGGGSGGGSGGG, GGSGGGSGGGSGGGSGGS, GGGG,
GGGGGGGG, GGGGGGGGGGGG and GGGGGGGGGGGGGGGGE; at least one of the Fc domain

monomers comprises a substitution at EU position 1253; each amino acid substitution at EU position 1253
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is independently selected from the group consisting of 1253A, 1253C, 1253D, 1253E, 1253F, 1253G, [253H,
12531, 1253K, 1253L, 1253M, 1253N, 1253P, 1253Q, 1253R, 12538, 1253T, 1253V, 1253W, and 1253Y; at least
one of the Fc domain monomers comprises a substitution at EU position R292; each amino acid
substitution at EU position R292 is independently selected from the group consisting of R292D, R292E,
R292L, R292P, R292Q, R292R, R292T, and R292Y at least one of the Fc domain monomers comprises
a substitution selected from the group consisting of: T366Y, T366W, T394W, T394Y, F405W, F405A,
Y407A, S354C, Y349T, T394F, K409D, K409E, K392D, K392E, K370D, K370E, D399K, D399R, E357K,
E357R, D356K, and D356R; and the hinge of each Fc domain monomer independently comprises or
consists of an amino acid sequence selected from the group consisting of EPKSCDKTHTCPPCPAPELL
and DKTHTCPPCPAPELL.

333333
Definitions:

As used herein, the term “Fc domain monomer” refers to a polypeptide chain that includes at
least a hinge domain and second and third antibody constant domains (Cx2 and Cx3) or functional
fragments thereof (e.g., at least a hinge domain or functional fragment thereof, a CH2 domain or
functional fragment thereof, and a CH3 domain or functional fragment thereof) (e.g., fragments that that
capable of (i) dimerizing with another Fc domain monomer to form an Fc domain, and (ii) binding to an Fc
receptor). A preferred Fc domain monomer comprises, from amino to carboxy terminus, at least a portion
of IgG1 hinge, an IgG1 CH2 domain and an IgG1 CH3 domain. Thus, an Fc domain monomer, e.g., aa
human IgG1 Fc domain monomer can extend from E316 to G446 or K447, from P317 to G446 or K447,
from K318 to G446 or K447, from K318 to G446 or K447, from S319 to G446 or K447, from C320 to
G446 or K447, from D321 to G446 or K447, from K322 to G446 or K447, from T323 to G446 or K447,
from K323 to G446 or K447, from H324 to G446 or K447, from T325 to G446 or K447, or from C326 to
G446 or K447. The Fc domain monomer can be any immunoglobulin antibody isotype, including 1gG, IgE,
IgM, IgA, or IgD (e.g., IgG). Additionally, the Fc domain monomer can be an IgG subtype (e.g., IgG1,
IgG2a, IgG2b, 19G3, or IgG4) (e.g., human IgG1). The human IgG1 Fc domain monomer is used in the
examples described herein. The full hinge domain of human IgG1 extends from EU Numbering E316 to
P230 or L235, the CH2 domain extends from A231 or G236 to K340 and the CH3 domain extends from
G341 to K447. There are differing views of the position of the last amino acid of the hinge domain. It is
either P230 or L235. In many examples herein the CH3 domain does not include K347. Thus, a CH3
domain can be from G341 to G446. In many examples herein a hinge domain can include E216 to L235.
This is true, for example, when the hinge is carboxy terminal to a CH1 domain or a CTLA-4 binding
domain. In some case, for example when the hinge is at the amino terminus of a polypeptide, the Asp at
EU Numbering 221 is mutated to GIn. An Fc domain monomer does not include any portion of an
immunoglobulin that is capable of acting as an antigen-recognition region, e.g., a variable domain or a
complementarity determining region (CDR). Fc domain monomers can contain as many as ten changes

from a wild-type (e.g., human) Fc domain monomer sequence (e.g., 1-10, 1-8, 1-6, 1-4 amino acid
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substitutions, additions, or deletions) that alter the interaction between an Fc domain and an Fc receptor.
Fc domain monomers can contain as many as ten changes (e.g., single amino acid changes) from a wild-
type Fc domain monomer sequence (e.g., 1-10, 1-8, 1-6, 1-4 amino acid substitutions, additions, or
deletions) that alter the interaction between Fc domain monomers. In certain embodiments, there are up
to 10, 8, 6 or 5 single amino acid substitution on the CH3 domain compared to the human IgG1 CH3
domain sequence:
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPG. Examples of suitable changes are known in the art.

As used herein, the term “Fc domain” refers to a dimer of two Fc domain monomers that is
capable of binding an Fc receptor. In the wild-type Fc domain, the two Fc domain monomers dimerize by
the interaction between the two Cn3 antibody constant domains, as well as one or more disulfide bonds
that form between the hinge domains of the two dimerizing Fc domain monomers.

In the present disclosure, the term “Fc-antigen binding domain construct” refers to associated
polypeptide chains forming at least two Fc domains as described herein and including at least one
“antigen binding domain.” Fc-antigen binding domain constructs described herein can include Fc domain
monomers that have the same or different sequences. For example, an Fc-antigen binding domain
construct can have three Fc domains, two of which includes IgG1 or IgG1-derived Fc domain monomers,
and a third which includes IgG2 or IgG2-derived Fc domain monomers. In another non-limiting example,
an Fc-antigen binding domain construct can have three Fc domains, two of which include a
“protuberance-into-cavity pair” and a third which does not include a “protuberance-into-cavity pair.” An Fc
domain forms the minimum structure that binds to an Fc receptor, e.g., FcyRI, FcyRlla, FcyRIIb, FcyRllla,
FcyRIlIb, or FCyRIV.

As used herein, the term “antigen binding domain” refers to a peptide, a polypeptide, or a set of
associated polypeptides that is capable of specifically binding a target molecule. In some embodiments,
the “antigen binding domain” is the minimal sequence of an antibody that binds with specificity to the
antigen bound by the antibody. Surface plasmon resonance (SPR) or various immunoassays known in
the art, e.g., Western Blots or ELISAS, can be used to assess antibody specificity for an antigen. In some
embodiments, the “antigen binding domain” includes a variable domain or a complementarity determining
region (CDR) of an antibody, e.g., one or more CDRs of an antibody set forth in Table 1, one or more
CDRs of an antibody set forth in Table 2, or the VH and/or VL domains of an antibody set forth in Table 2.
In some embodiments, the CTLA-4 binding domain can include a VH domain and a CH1 domain,
optionally with a VL domain. In other embodiments, the antigen (e.g., CTLA-4) binding domain is a Fab
fragment of an antibody or a scFv. Thus, a CTLA-4 binding domain can include a “CTLA-4 heavy chain
binding domain” that comprises or consists of a VH domain and a CH1 domain and a” CTLA-4 light chain
binding domain” that comprises or consists of a VL domain and a C. domain. A CTLA-4 binding domain
may also be a synthetically engineered peptide that binds a target specifically such as a fibronectin-based
binding protein (e.g., a fibronectin type Il domain (FN3) monobody).
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As used herein, the term "Complementarity Determining Regions" (CDRs) refers to the amino
acid residues of an antibody variable domain the presence of which are necessary forCTLA4 binding.
Each variable domain typically has three CDR regions identified as CDR-L1, CDR-L2 and CDR-L3, and
CDR-H1, CDR-H2, and CDR-H3). Each complementarity determining region may include amino acid
residues from a "complementarity determining region" as defined by Kabat (i.e., about residues 24-34
(CDR-L1), 50-56 (CDR-L2), and 89-97 (CDR-L3) in the light chain variable domain and 31-35 (CDR-H1),
50-65 (CDR-H2), and 95-102 (CDR-H3) in the heavy chain variable domain; Kabat et al., Sequences of
Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda,
Md. (1991)) and/or those residues from a "hypervariable loop" (i.e., about residues 26-32 (CDR-L1), 50-
52 (CDR-L2), and 91-96 (CDR-L3) in the light chain variable domain and 26-32 (CDR-H1), 53-55 (CDR-
H2), and 96-101 (CDR-H3) in the heavy chain variable domain; Chothia and Lesk J. Mol. Biol. 196:901-
917 (1987)). In some instances, a complementarity determining region can include amino acids from
both a CDR region defined according to Kabat and a hypervariable loop.

"Framework regions" (hereinafter FR) are those variable domain residues other than the CDR
residues. Each variable domain typically has four FRs identified as FR1, FR2, FR3 and FR4. If the CDRs
are defined according to Kabat, the light chain FR residues are positioned at about residues 1-23
(LCFR1), 35-49 (LCFR2), 57-88 (LCFR3), and 98-107 (LCFR4) and the heavy chain FR residues are
positioned about at residues 1-30 (HCFR1), 36-49 (HCFR2), 66-94 (HCFR3), and 103-113 (HCFR4) in
the heavy chain residues. If the CDRs include amino acid residues from hypervariable loops, the light
chain FR residues are positioned about at residues 1-25 (LCFR1), 33-49 (LCFR2), 53-90 (LCFR3), and
97-107 (LCFR4) in the light chain and the heavy chain FR residues are positioned about at residues 1-25
(HCFR1), 33-52 (HCFR2), 56-95 (HCFR3), and 102-113 (HCFR4) in the heavy chain residues. In some
instances, when the CDR includes amino acids from both a CDR as defined by Kabat and those of a
hypervariable loop, the FR residues will be adjusted accordingly.

An "Fv" fragment is an antibody fragment which contains a complete antigen recognition and
binding site. This region consists of a dimer of one heavy and one light chain variable domain in tight
association, which can be covalent in nature, for example, in a scFv. It is in this configuration that the
three CDRs of each variable domain interact to define a CTLA4 binding site on the surface of the Vu-VL
dimer.

The "Fab" fragment contains a variable and constant domain of the light chain and a variable
domain and the first constant domain (Cn1) of the heavy chain. F(ab')z antibody fragments include a pair
of Fab fragments which are generally covalently linked near their carboxy termini by hinge cysteines.

"Single-chain Fv" or "scFv" antibody fragments include the Vu and VL domains of antibody in a
single polypeptide chain. Generally, the scFv polypeptide further includes a polypeptide linker between

the Vy and VL domains, which enables the scFv to form the desired structure forCTLA4 binding.
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As used herein, the term “antibody constant domain” refers to a polypeptide that corresponds to a
constant region domain of an antibody (e.g., a C. antibody constant domain, a Cn1 antibody constant
domain, a Cn2 antibody constant domain, or a Cx3 antibody constant domain).

As used herein, the term “promote” means to encourage and to favor, e.g., to favor the formation
of an Fc domain from two Fc domain monomers which have higher binding affinity for each other than for
other, distinct Fc domain monomers. As is described herein, two Fc domain monomers that combine to
form an Fc domain can have compatible amino acid modifications (e.g., engineered protuberances and
engineered cavities, and/or electrostatic steering mutations) at the interface of their respective Cx3
antibody constant domains. The compatible amino acid modifications promote or favor the selective
interaction of such Fc domain monomers with each other relative to with other Fc domain monomers
which lack such amino acid modifications or with incompatible amino acid modifications. This occurs
because, due to the amino acid modifications at the interface of the two interacting Cx3 antibody constant
domains, the Fc domain monomers to have a higher affinity toward each other than to other Fc domain
monomers lacking amino acid modifications.

As used herein, the term “dimerization selectivity module” refers to a sequence of the Fc domain
monomer that facilitates the favored pairing between two Fc domain monomers. “Complementary”
dimerization selectivity modules are dimerization selectivity modules that promote or favor the selective
interaction of two Fc domain monomers with each other. Complementary dimerization selectivity modules
can have the same or different sequences. Exemplary complementary dimerization selectivity modules
are described herein.

As used herein, the term “engineered cavity” refers to the substitution of at least one of the
original amino acid residues in the Cx3 antibody constant domain with a different amino acid residue
having a smaller side chain volume than the original amino acid residue, thus creating a three
dimensional cavity in the CH3 antibody constant domain. The term “original amino acid residue” refers to
a naturally occurring amino acid residue encoded by the genetic code of a wild-type Cnx3 antibody
constant domain.

As used herein, the term “engineered protuberance” refers to the substitution of at least one of
the original amino acid residues in the Cn3 antibody constant domain with a different amino acid residue
having a larger side chain volume than the original amino acid residue, thus creating a three dimensional
protuberance in the Cx3 antibody constant domain. The term “original amino acid residues” refers to
naturally occurring amino acid residues encoded by the genetic code of a wild-type Cx3 antibody constant
domain.

As used herein, the term “protuberance-into-cavity pair” describes an Fc domain including two Fc
domain monomers, wherein the first Fc domain monomer includes an engineered cavity in its Ch3
antibody constant domain, while the second Fc domain monomer includes an engineered protuberance in
its Cx3 antibody constant domain. In a protuberance-into-cavity pair, the engineered protuberance in the

Cu3 antibody constant domain of the first Fc domain monomer is positioned such that it interacts with the
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engineered cavity of the Cx3 antibody constant domain of the second Fc domain monomer without
significantly perturbing the normal association of the dimer at the inter-Cx3 antibody constant domain
interface.

As used herein, the term “heterodimer Fc domain” refers to an Fc domain that is formed by the
heterodimerization of two Fc domain monomers, wherein the two Fc domain monomers contain different
reverse charge mutations (see, e.g., mutations in Tables 4A and 4B) that promote the favorable formation
of these two Fc domain monomers. In an Fc construct having three Fc domains - one carboxyl terminal
“stem” Fc domain and two amino terminal “branch” Fc domains — each of the amino terminal “branch” Fc
domains may be a heterodimeric Fc domain (also called a “branch heterodimeric Fc domain®).

As used herein, the term “structurally identical,” in reference to a population of Fc-antigen binding
domain constructs, refers to constructs that are assemblies of the same polypeptide sequences in the
same ratio and configuration and does not refer to any post-translational modification, such as
glycosylation.

As used herein, the term “homodimeric Fc domain” refers to an Fc domain that is formed by the
homodimerization of two Fc domain monomers, wherein the two Fc domain monomers contain the same
reverse charge mutations (see, e.g., mutations in Tables 5 and 6). In an Fc construct having three Fc
domains - one carboxyl terminal “stem” Fc domain and two amino terminal “branch” Fc domains — the
carboxy terminal “stem” Fc domain may be a homodimeric Fc domain (also called a “stem homodimeric
Fc domain”).

As used herein, the term “heterodimerizing selectivity module” refers to engineered
protuberances, engineered cavities, and certain reverse charge amino acid substitutions that can be
made in the Cx3 antibody constant domains of Fc domain monomers in order to promote favorable
heterodimerization of two Fc domain monomers that have compatible heterodimerizing selectivity
modules. Fc domain monomers containing heterodimerizing selectivity modules may combine to form a
heterodimeric Fc domain. Examples of heterodimerizing selectivity modules are shown in Tables 3 and 4.

As used herein, the term “homodimerizing selectivity module” refers to reverse charge mutations
in an Fc domain monomer in at least two positions within the ring of charged residues at the interface
between Cr3 domains that promote homodimerization of the Fc domain monomer to form a homodimeric
Fc domain. Examples of homodimerizing selectivity modules are shown in Tables 4 and 5.

As used herein, the term “joined” is used to describe the combination or attachment of two or
more elements, components, or protein domains, e.g., polypeptides, by means including chemical
conjugation, recombinant means, and chemical bonds, e.g., peptide bonds, disulfide bonds and amide
bonds. For example, two single polypeptides can be joined to form one contiguous protein structure
through chemical conjugation, a chemical bond, a peptide linker, or any other means of covalent linkage.
In some embodiments, a CTLA4 binding domain is joined to a Fc domain monomer by being expressed
from a contiguous nucleic acid sequence encoding both the CTLA4 binding domain and the Fc domain

monomer. In other embodiments, a CTLA4 binding domain is joined to a Fc domain monomer by way of
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a peptide linker, wherein the N-terminus of the peptide linker is joined to the C-terminus of the CTLA4
binding domain through a chemical bond, e.g., a peptide bond, and the C-terminus of the peptide linker is
joined to the N-terminus of the Fc domain monomer through a chemical bond, e.g., a peptide bond.

As used herein, the term “associated” is used to describe the interaction, e.g., hydrogen bonding,
hydrophobic interaction, or ionic interaction, between polypeptides (or sequences within one single
polypeptide) such that the polypeptides (or sequences within one single polypeptide) are positioned to
form an Fc-antigen binding domain construct described herein (e.g., an Fc-antigen binding domain
construct having three Fc domains). For example, in some embodiments, four polypeptides, e.g., two
polypeptides each including two Fc domain monomers and two polypeptides each including one Fc
domain monomer, associate to form an Fc construct that has three Fc domains (e.g., as depicted in FIGS.
50 and 51). The four polypeptides can associate through their respective Fc domain monomers. The
association between polypeptides does not include covalent interactions.

As used herein, the term “linker” refers to a linkage between two elements, e.g., protein domains.
A linker can be a covalent bond or a spacer. The term “bond” refers to a chemical bond, e.g., an amide
bond or a disulfide bond, or any kind of bond created from a chemical reaction, e.g., chemical
conjugation. The term “spacer” refers to a moiety (e.g., a polyethylene glycol (PEG) polymer) or an amino
acid sequence (e.g., a 3-200 amino acid, 3-150 amino acid, or 3-100 amino acid sequence) occurring
between two polypeptides or polypeptide domains to provide space and/or flexibility between the two
polypeptides or polypeptide domains. An amino acid spacer is part of the primary sequence of a
polypeptide (e.g., joined to the spaced polypeptides or polypeptide domains via the polypeptide
backbone). The formation of disulfide bonds, e.g., between two hinge regions or two Fc domain
monomers that form an Fc domain, is not considered a linker.

As used herein, the term “glycine spacer” refers to a linker containing only glycines that joins two
Fc domain monomers in tandem series. A glycine spacer may contain at least 4, 8, or 12 glycines (e.g.,
4-30, 8-30, or 12-30 glycines; e.g., 12-30, 4, 5,6,7, 8,9, 10,11, 12,13, 14,15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, or 30 glycines). In some embodiments, a glycine spacer has the sequence of
GGGGGGGGGGGGGGGGGGGG (SEQ ID NO: 27).

As used herein, the term “albumin-binding peptide” refers to an amino acid sequence of 12 to 16
amino acids that has affinity for and functions to bind serum albumin. An albumin-binding peptide can be
of different origins, e.g., human, mouse, or rat. In some embodiments of the present disclosure, an
albumin-binding peptide is fused to the C-terminus of an Fc domain monomer to increase the serum half-
life of the Fc-antigen binding domain construct. An albumin-binding peptide can be fused, either directly
or through a linker, to the N- or C-terminus of an Fc domain monomer.

As used herein, the term “purification peptide” refers to a peptide of any length that can be used
for purification, isolation, or identification of a polypeptide. A purification peptide may be joined to a
polypeptide to aid in purifying the polypeptide and/or isolating the polypeptide from, e.g., a cell lysate
mixture. In some embodiments, the purification peptide binds to another moiety that has a specific affinity
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for the purification peptide. In some embodiments, such moieties which specifically bind to the
purification peptide are attached to a solid support, such as a matrix, a resin, or agarose beads.
Examples of purification peptides that may be joined to an Fc-antigen binding domain construct are
described in detail further herein.

As used herein, the term “multimer” refers to a molecule including at least two associated Fc
constructs or Fc-antigen binding domain constructs described herein.

As used herein, the term “polynucleotide” refers to an oligonucleotide, or nucleotide, and
fragments or portions thereof, and to DNA or RNA of genomic or synthetic origin, which may be single- or
double-stranded, and represent the sense or anti-sense strand. A single polynucleotide is translated into
a single polypeptide.

As used herein, the term “polypeptide” describes a single polymer in which the monomers are
amino acid residues which are joined together through amide bonds. A polypeptide is intended to
encompass any amino acid sequence, either naturally occurring, recombinant, or synthetically produced.

As used herein, the term “amino acid positions” refers to the position numbers of amino acids in a
protein or protein domain. The amino acid positions are numbered using the Kabat numbering system
(Kabat et al., Sequences of Proteins of Immunological Interest, National Institutes of Health, Bethesda,
Md., ed 5, 1991) where indicated (eg.g., for CDR and FR regions), otherwise the EU numbering is used.

FIGs. 24A-24D depict human IgG1 Fc domains numbered using the EU numbering system.

As used herein, the term “amino acid modification” or refers to an alteration of an Fc domain
polypeptide sequence that, compared with a reference sequence (e.g., a wild-type, unmutated, or
unmodified Fc sequence) may have an effect on the pharmacokinetics (PK) and/or pharmacodynamics
(PD) properties, serum half-life, effector functions (e.g., cell lysis (e.g., antibody-dependent cell-mediated
toxicity(ADCC) and/or complement dependent cytotoxicity activity (CDC)), phagocytosis (e.g., antibody
dependent cellular phagocytosis (ADCP) and/or complement-dependent cellular cytotoxicity (CDCC)),
immune activation, and T-cell activation), affinity for Fc receptors (e.g., Fc-gamma receptors (FcyR) (e.g.,
FcyRI (CD64), FcyRlla (CD32a), FcyRIIb (CD32b), FcyRllla (CD16a), and/or FcyRIlIb (CD16b)), Fc-alpha
receptors (FcaR), Fc-epsilon receptors (FceR), and/or to the neonatal Fc receptor (FcRn)), affinity for
proteins involved in the compliment cascade (e.g., C1q), post-translational modifications (e.g.,
glycosylation, sialylation), aggregation properties (e.g., the ability to form dimers (e.g., homo- and/or
heterodimers) and/or multimers), and the biophysical properties (e.g., alters the interaction between Cu1
and Cy, alters stability, and/or alters sensitivity to temperature and/or pH) of an Fc construct, and may
promote improved efficacy of treatment of immunological and inflammatory diseases. An amino acid
modification includes amino acid substitutions, deletions, and/or insertions. In some embodiments, an
amino acid modification is the modification of a single amino acid. In other embodiment, the amino acid
modification is the modification of multiple (e.g., more than one) amino acids. The amino acid
modification may include a combination of amino acid substitutions, deletions, and/or insertions. Included

in the description of amino acid modifications, are genetic (i.e., DNA and RNA) alterations such as point
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mutations (e.g., the exchange of a single nucleotide for another), insertions and deletions (e.g., the
addition and/or removal of one or more nucleotides) of the nucleotide sequence that codes for an Fc
polypeptide.

In certain embodiments, at least one (e.g., one, two, or three) Fc domain monomers within an Fc
construct or Fc-antigen binding domain construct include an amino acid modification (e.g., substitution).
In some instances, the at least one Fc domain monomers includes one or more (e.g., no more than two,
three, four, five, six, seven, eight, nine, ten, or twenty) amino acid modifications (e.g., substitutions).

As used herein, the term “percent (%) identity” refers to the percentage of amino acid (or nucleic
acid) residues of a candidate sequence, e.g., the sequence of an Fc domain monomer in an Fc-antigen
binding domain construct described herein, that are identical to the amino acid (or nucleic acid) residues
of a reference sequence, e.g., the sequence of a wild-type Fc domain monomer, after aligning the
sequences and introducing gaps, if necessary, to achieve the maximum percent identity (i.e., gaps can be
introduced in one or both of the candidate and reference sequences for optimal alignment and non-
homologous sequences can be disregarded for comparison purposes). Alignment for purposes of
determining percent identity can be achieved in various ways that are within the skill in the art, for
instance, using publicly available computer software such as BLAST, ALIGN, or Megalign (DNASTAR)
software. Those skilled in the art can determine appropriate parameters for measuring alignment,
including any algorithms needed to achieve maximal alignment over the full length of the sequences
being compared. In some embodiments, the percent amino acid (or nucleic acid) sequence identity of a
given candidate sequence to, with, or against a given reference sequence (which can alternatively be
phrased as a given candidate sequence that has orincludes a certain percent amino acid (or nucleic
acid) sequence identity to, with, or against a given reference sequence) is calculated as follows:

100 x (fraction of A/B)
where A is the number of amino acid (or nucleic acid) residues scored as identical in the alignment of the
candidate sequence and the reference sequence, and where B is the total number of amino acid (or
nucleic acid) residues in the reference sequence. In some embodiments where the length of the
candidate sequence does not equal to the length of the reference sequence, the percent amino acid (or
nucleic acid) sequence identity of the candidate sequence to the reference sequence would not equal to
the percent amino acid (or nucleic acid) sequence identity of the reference sequence to the candidate
sequence.

In particular embodiments, a reference sequence aligned for comparison with a candidate
sequence may show that the candidate sequence exhibits from 50% to 100% identity (e.g., 50% to 100%,
60% to 100%, 70% to 100%, 80% to 100%, 90% to 100%, 92% to 100%, 95% to 100%, 97% to 100%,
99% to 100%, or 99.5% to 100% identity), across the full length of the candidate sequence or a selected
portion of contiguous amino acid (or nucleic acid) residues of the candidate sequence. The length of the
candidate sequence aligned for comparison purpose is at least 30%, e.g., at least 40%, e.g., at least
50%, 60%, 70%, 80%, 90%, or 100% of the length of the reference sequence. When a position in the
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candidate sequence is occupied by the same amino acid (or nucleic acid) residue as the corresponding
position in the reference sequence, then the molecules are identical at that position.

In some embodiments, an Fc domain monomer in an Fc construct described herein (e.g., an Fc-
antigen binding domain construct having three Fc domains) may have a sequence that is at least 95%
identical (at least 97%, 99%, or 99.5% identical) to the sequence of a wild-type Fc domain monomer (e.g.,
SEQ ID NO: 42). In some embodiments, an Fc domain monomer in an Fc¢ construct described herein
(e.g., an Fc-antigen binding domain construct having three Fc domains) may have a sequence that is at
least 95% identical (at least 97%, 99%, or 99.5% identical) to the sequence of any one of SEQ ID NOs:
44, 46, 48, and 50-53. In certain embodiments, an Fc domain monomer in the Fc construct may have a
sequence that is at least 95% identical (at least 97%, 99%, or 99.5% identical) to the sequence of SEQ ID
NO: 48, 52, and 53.

In some embodiments, a spacer between two Fc domain monomers may have a sequence that is
at least 75% identical (at least 75%, 77%, 79%, 81%, 83%, 85%, 87%, 89%, 91%, 93%, 95%, 97%, 99%,
99.5%, or 100% identical) to the sequence of any one of SEQ ID NOs: 1-36 (e.g., SEQ ID NOs: 17, 18,
26, and 27) described further herein.

As used herein, the term “host cell” refers to a vehicle that includes the necessary cellular
components, e.g., organelles, needed to express proteins from their corresponding nucleic acids. The
nucleic acids are typically included in nucleic acid vectors that can be introduced into the host cell by
conventional techniques known in the art (transformation, transfection, electroporation, calcium
phosphate precipitation, direct microinjection, etc.). A host cell may be a prokaryotic cell, e.g., a bacterial
cell, or a eukaryotic cell, e.g., a mammalian cell (e.g., a CHO cell). As described herein, a host cell is
used to express one or more polypeptides encoding desired domains which can then combine to form a
desired Fc-antigen binding domain construct.

As used herein, the term “pharmaceutical composition” refers to a medicinal or pharmaceutical
formulation that contains an active ingredient as well as one or more excipients and diluents to enable the
active ingredient to be suitable for the method of administration. The pharmaceutical composition of the
present disclosure includes pharmaceutically acceptable components that are compatible with the Fc-
antigen binding domain construct. The pharmaceutical composition is typically in aqueous form for
intravenous or subcutaneous administration.

As used herein, a “substantially homogenous population” of polypeptides or of an Fc construct is
one in which at least 50% of the polypeptides or Fc constructs in a composition (e.g., a cell culture
medium or a pharmaceutical composition) have the same number of Fc domains, as determined by non-
reducing SDS gel electrophoresis or size exclusion chromatography. A substantially homogenous
population of polypeptides or of an Fc construct may be obtained prior to purification, or after Protein A or
Protein G purification, or after any Fab or Fc-specific affinity chromatography only. In various
embodiments, at least 55%, 60%, 65%, 70%, 75%, 80%, or 85% of the polypeptides or Fc constructs in
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the composition have the same number of Fc domains. In other embodiments, up to 85%, 90%, 92%, or
95% of the polypeptides or Fc constructs in the composition have the same number of Fc domains.

As used herein, the term “pharmaceutically acceptable carrier” refers to an excipient or diluent in
a pharmaceutical composition. The pharmaceutically acceptable carrier must be compatible with the
other ingredients of the formulation and not deleterious to the recipient. In the present disclosure, the
pharmaceutically acceptable carrier must provide adequate pharmaceutical stability to the Fc-antigen
binding domain construct. The nature of the carrier differs with the mode of administration. For example,
for oral administration, a solid carrier is preferred; for intravenous administration, an aqueous solution
carrier (e.g., WFI, and/or a buffered solution) is generally used.

As used herein, “therapeutically effective amount” refers to an amount, e.g., pharmaceutical dose,
effective in inducing a desired biological effect in a subject or patient or in treating a patient having a
condition or disorder described herein. It is also to be understood herein that a “therapeutically effective
amount” may be interpreted as an amount giving a desired therapeutic effect, either taken in one dose or
in any dosage or route, taken alone or in combination with other therapeutic agents.

As used herein, the term fragment and the term portion can be used interchangeably.

Brief Description of the Drawings

FIG. 1 is an illustration of an Fc-antigen binding domain construct (construct 1) containing two Fc
domains and a CTLA4 binding domain. Each Fc domain is a dimer of two Fc domain monomers. Two of
the Fc domain monomers (106 and 108) contain a protuberance in its Cx3 antibody constant domain,
while the other two Fc domain monomers (112 and 114) contain a cavity in the juxtaposed position in its
Cn3 antibody constant domain. The construct is formed from three Fc domain monomer containing
polypeptides. The first polypeptide (102) contains two protuberance-containing Fc domain monomers
(106 and 108) linked by a spacer in a tandem series to a CTLA4 binding domain containing a Vs domain
(110) on the N-terminus. A V. containing domain (104) is joined to the Vi domain. Each of the second
and third polypeptides (112 and 114) contains a cavity-containing Fc domain monomer.

FIG. 2 is an illustration of an Fc-antigen binding domain construct (construct 2) containing three
Fc domains and a CTLA4 binding domain. The construct is formed from four Fc domain monomer
containing polypeptides. The first polypeptide (202) contains three protuberance-containing Fc domains
(206, 208, and 210) linked by spacers in a tandem series to a CTLA4 binding domain containing a Vu
domain (212) on the N-terminus. A VL containing domain (204) is joined to th