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FC VARIANTS WITH ABOLISHED BINDING TO FCGAMMAR AND C1Q

BACKGROUND
HHE The mmmune response is a mechanisro by which the body defends iself against

foreign substances that invade it, causing infection or disease. This mechanism is based on
the ability of antibodies produced or administered to the host to bind the antigen though its
variable region. Once the antigen 1s bound by the antibody, the antigen is targeted for

destruction, often wediated i part, by the constant region or Fe domain of the antibody.

{3002} For example, one activity of the Fe domain of the andibody 15 o bind
complement proteins which can assist in lvsing the target antigen, for example, a cellular
pathogen. Another activity of the Fe region is 1o bind to Fc recepiors (FcR) on the surface of
imwnane cells, or so-called effector cells, which have the ability 1o irigger other immune
effects. These immune effects include, for example, release of immune activators, regulation
of anfibody production, endocytosis, phagocytosis, and cell killing. In some clinical
applications these responses are crucial for the efficacy of the antibody while 1n other cases
they proveoke unwanted side etfects. One example of an effector-mediated side effect is the
release of inflammatory cytokines causing an acute fever reaction. Another example is the

long term deletion of antigen-bearing cells.

HHEIXY! The effector function of an antibody can be avoided by using antibody
fragments lacking the F¢ region {e.g., such as a Fab, Fab'2, or single chain antibody {sFv}}

however these fragments have a reduced half-life, only one antigen binding site instead of
two {e.g., in the case of Fab antibody fragments and single chain antibodies (5Fv))., and are

more difficult to purify.

SUMMARY OF THE INVENTION

{6604} The present disclosure provides, among other things, Fe varianis that have
significantly reduced ADCC, ADCP and CDC function. As described herein, the present
disclosure is, inn part based on identification of novel combinations of mutations that abolish
binding to all FoyRI, FeyRlia, FeyRilb, FoyRIla, FoyRIIb, and Clg, and maintain its ability
to bind to FcRa.



WO 2023/081160 PCT/US2022/048609

{6005} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan IgG Fe region, said Fe variant
comprising an amino acid substitutions at positions 235 and 263, wherein the aroino acid at

265 15 substituted to Gly, wherein the residues are numbered according to the EU index.

{3006} In some embodiments, an Fc variant further comprises one or more amino acid
substitutions at 234, 237, 329, 330, or 331, In some embodiments, an Fe variant forther
comprises an amino acid substitution at 234, Tn some embodiments, an Fe variant further
comprises amino acid substitutions at 234 and 237 In some embodiments, an Fc variant
further comprises amino acid substititions at 234, 330, and 331. In some embodiments, an
Fe variant further comprises aming acid substifutions at 234, 237, 330, and 331, In some
embodiments, an Fe variant further comprises an amino acid substitution at 237, In some
embodiments, an Fe variant further comprises amino acid substitutions at 330 and 331, In

an Fo variant further comprises an amino acid substitution at 329

some embodiments

NN

(0887} o one aspect, the present jovention provides, among other things, an isolated
polypeptide comprising an Fo vartant of a wild-type human Ig(s Fe region, said Fo varant
comprising an amino acid substitutions at positions 234 and 265, wherein the amino acid at

234 is substituted to Val, wherein the residues are numbered according o the EU index.

606S8] In some embodiments, an F¢ variant further comprises arnino acid
substitutions at 235 and 237. In some embodiments, an Fe variant further comprises amino
acid substitutions at 235, 237, 330 and 331. In some embodiments, an Fo variant further

comprises an aming acid substitution at 235

(0089} {n one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fo vartant of a wild-type human 1gG4 Fe region, said Fe variant
comprising an amino acid substitutions at positions F234, L2353, and D263, wherein the

residues are numbered according to the EU index.

6616} in ooe aspect, the present nvention provides, among other things, an 1solated
polypeptide comprising an Fc variant of a wild-type human 196G Fc region, said Fc variant
comprising an amino acid substitutions of 234V, L235E, and D265, wherein the residues

are numbered according to the EU index.

G011} in some embodimernds, an Fo variang 1s 1gG4 Fe region. In some

embodiments, an Fc variant comprises anuno acid substitutions of S228P, F234V_ 12353E,

[
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and D265G. In some embodiments, an Fe variant is IgG4 Fc region and comprises aming

acid substitutions of S228P, F234V, L23SE, and D265G.

{6012} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fc variant of a wild-type human 1gG Fc region, said Fc variant
comprising an amino acid substitutions of 234F, L235E, and D265, wherein the residues are

numbered according {0 the EU index.

[6013] In some embodiments, an Fo vanant 1s IgGl Feregion. In some
embodiments, an Fc variant comprises anuno acid substitutions of L234F, L235E, and
D2635G. In some embodiments, an Fc variant is 1gG1 Fe region and comprises amino acid

substitutions of L.234F, L235E, and D265

6614} In one aspect, the present invention provides, among other things, an solated
polypeptide comprising an Fc variant of a wild-type human 1gG Fce region, said Fc variant
comprising an amino acid substitutions of 234F, L235E, G237 A, and D265G, wherein the

residues are numbered according fo the EU index.

{HI Y In some embodiments, an Fo vanang 1s IgGl Feregion. In some
embodiments, an Fc¢ variant comprises anuno acid substitutions of L234F, L233E, G237A,
and D265G. In some embodiments, an Fc variant 1s IgGl Fe region and comprises amino

acid substitutions of L234F, L235E, G237A, and D265G.

{6016} In one aspect, the present invention provides, among other thungs, an 1solated
polypeptide comprising an Fc variant of a wild-type human 196G Fe region, said Fc variant
comprising an amino acid substitutions of 234V, L235E, G237A, and D265G, wherein the

residues are numbered according fo the EU index.

{6017} In some embodiments, an Fo vanang 1s IgGl Fe region. In some
embodiments, an Fc¢ variant coraprises amino acid substitutions of L234Y, L235E, G237A,
and D265G. In some embodiments, an Fe variant 1s IgGl Fe region and comprises amino

acid substitutions of L.234V, L235E, G237A, and D265G.

16018} In one aspect, the present invention provides, among other things, an 1solated
polypeptide comprising an Fc variant of a wild-type human 196G Fe region. said Fc variant
comprising an amino acid substitutions of 234F, L235E, 265D, A3308, and P3318, wherein

the residues are numbered according to the EU mdex.
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{6019} in some embodiments, an Fo vartant 1s 1gG1 Fe region. In some
embodiments, an Fo variant comprises amino acid substitutions of L234F, L235E, B265D,
A3308, and P331S. In some embodiments, an Fc variant is 1gG1 Fe region and comprises

amino acid substitutions of L234F, L235E, D265D, A3308, and P331S.

{3026} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fc vartant of a wild-type human 1gG Fc region, said Fe vanant
comprising an amino acid substitutions of 234V, L235A, G237A, and D265G, wherein the

residues are numbered according to the EU index.

{60821} in some embodiments, an Fo variant 1s 1gG1 Fe region. In some
embodiments, an Fo variant comprises amino acid substitutions of L234V, L2354, G2374,
and D263G. In soroe embodiments, an Fc variant is IgG1 Fe region and comprises amino
acid substitutions of 234F, L.234V, L235A, G237A, and D2653G. In some embodiments, an
Fc vanant is IgG4 Fe region. In some embodiments, an Fo variant comprises amino acid
substitutions of S228P, 1234V, L235A, G237A, and 265G, In some embodiments, an Fe
variant is 1g(34 Fc region and comprises aming acid substitutions of S228F, 1,234V, L235A,

(i237A, and D265G.

6022} In one aspect, the present invention provides, among other things, an 1solated
polypeptide coroprising an Fe variant of a wild-type huroan 1gG Fe region, said Fe variant
comprising an amino acid substitutions of 234V, L235A, G237A, D265G, A3308, and P3318

wherein the residues are numbered according to the EU index.

{3023] In some embodiments, an Fc variant is [gG1 Fe region. In some
embodiments, an F¢ variant coraprises amuno acid substitutions of L234Y, L235A, G237A,
D263G, A3308, and P3318. In some embodiments, an F¢ variant is 1g(G1 Fc region and

comprises amino acid substitutions of 234V, L235A, G237A, D265G, A3308, and P3318.

6024} In one aspect, the present invention provides, among other things, an 1solated
polypeptide coroprising an Fe variant of a wild-type hurnan 1gG Fe region, said Fe variant
comprising an amino acid substitutions of L235E and D265G, wherein the residues are

numbered according to the EU index.

[0025] In some embodiments, an Fe variant 1s Ig(G4 Fe region. In some
embodiments, an F¢ variant coraprises anmuno acid substitudions of $228P, L235E and
D263G. In some embodiments, an Fe variant is 1gG4 Fe region and comprises amino acid

substitutions of $228P, L235E and D265G.
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6026} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan IgG Fe region, said Fe variant
comprising an amino acid substitutions of L233E, G237 A, and D263G, wherein the residues

are numbered according to the EU index.

{6627} In some embodiments, an Fc variant is [g(G4 Fe region. In some
embodiments, an Fe variant comprises amino acid substitfutions of SZ28P, L235E, G237A,
and D265G. In some embodiments, an Fo variant 1s IgG4 Fe region and comprises amino

acid substitutions of S228P, L235E, (G237A, and D2635G.

{60238} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan g Fe region, said Fe variant
comprising an amino acid substitutions of L2358, G237 A, and P329G, wherein the residues

are numbered according to the EU index.

[3029] In some embodiments, an Fc variant is Ig(G4 Fe region. In some
embodiments, an Fe variani comprises amino acid substifudions of S228P, L235E, G237A,
and P329G. In some embodiments, an Fo variant 1s IgG4 Fe region and comprises amino acid

substitutions of 8228P, L235E, G237A, and P329G.

{6036} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan g Fe region, said Fe variant
comprising an amino acid substitutions of L235E, G237 A, and L328R, wherein the residues

are numbered according to the EU index.

{0031 In some embodiments, an Fc variant is IgG4 Fe region. In some
embodimenis, an Fe variani comprises amino acid substitudions of S228P, L235E, G237A,
and L328R. In some embodiments, an Fo variant is IgG4 Fo region and comprises amino acid

substitutions of 8228P, LZ35E, G237A, and L328R.

{6032} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan g Fe region, said Fe variant
comprising an amino acid substitutions of D263G, A3308, and P331S, wherein the residues

are numbered according to the EU index.

{3633] In some embodiments, an F¢ variant is [gG2 F¢ region. In some
embodiments, an Fe variani comprises amino acid substifudions of D265G, A3308, and
P3318. In some embodiments, an Fo variant 1s IgG2 Fe region and comprises amino acid

substitutions of 265G, A3308, and P3318.
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6034} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan IgG Fe region, said Fe variant
comprising an amino acid substitutions of 23SE, D265G, A3308, and P3318, wherein the

residues are numbered according to the EU index.

{B035] In some embodiments, an Fc variant is [g(G2 F¢ region. In some
embodiments, an Fe variant comprises amuno acid substitutions of AZ35E, D263, A3308,
and P3318. In some embodiments, an Fe variant 1s IgG2 Fe region and comprises amino acid

substitutions of A235E, D265G, A3308, and P3315.

{6036} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan g Fe region, said Fe variant
comprising an amino acid substitutions of 235E, D265G, and P329G, wherein the residues

are numbered according to the EU index.

{36371 In some embodiments, an Fc variant is [g(G2 F¢ region. In some
embodiments, an Fe variant comprises amino acid substitutions of A23SE, D265G, and
P329G. In some embodiments, an Fo variant 1s IgG2 Fe region and comprises amino acid

substitutions of A235E, D265G, and P329G.

{60338} in one aspect, the present invention provides, among other things, a nucleic

acid encoding an isolated polypeptide comprising an Fe variani of the present invention.

{6039 In one aspect, the present invention provides, among other thungs, a cell
comprising a nucleic acid encoding an 1solated polypeptide comprising an Fe variant of the

present invention.

[30340] In one aspect, the present invention provides a method of treating a disease or
disorder, said method comprising adnunistering a therapeutically effective aroount of an
isolated polypeptide comprising an Fc variant to a subject in need of. In some embodiments,
the disease or disorder is ANC A-associated vasculitis. In some embodiments, the disease or
disorder 1s C3 glomerulopathy {C3G). In some embodiments, the disease or disorder is an
autoimmune disease. In some embodiments, the disease or disorder is wet age-related
macular degeneration (WAMD). In some embodiments, the disease or disorder is Passive
Heymann Nephritis (NHP). In some embodiments, the disease or disorder is collagen-

artitbody induced arthritis (CATA).
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BRILF DESCRIPTION OF FIGURES

041} FIGs. 1A-D are a series of exemplary graphs illustrating binding of Abl and
Ab2 enginecred with various Fe vanants to FoyRE, FoyRila, FeyRlb, and Clg, respectively,

determined by the assay described in Example 2.

[06042] FIG. 24 13 an exemplary bar graph and a table illustrating the expression level
of the Ab1 engineered with wild-type IgG1, wild-type 1gG4, vFcl0, and vFc17. FIG, 2B is
an exemplary graph and atable illustrating the protein A binding properties of the Abl

engineered with wild-tvpe 1gGl1. wild-tvpe 1gG4, vFcl7.

{3043} FIG. 34 is an exemplary graph illustrating binding of Abl engineered with
wild-type TgGl, wild-type IgG4, vFci0 or vFel7 to FoyRl, demonstrating that the Fe
variants of the present invention signmficantly reduce binding of Fe to the FoyRI as compared
to the wild-type 1gG1 and 1gG4. FIG., 3B is an exemplary graph illustrating binding of Abl
engineered with wild-type IgG1, wild-type IgG4, vFc10 or vFel7 to FeyRila and FoyRIb,
demonstrating that the Fo vanants of the present invention significanily reduce binding of Fe
1o the FeyRlla and FoyR1b as compared to the wild-type [gG1 and IgG4. FIG, 3C is an
exemplary graph tllustrating binding of Abl engineered with wild-type IgG1, wild-type
Ig(G4, vFcl0 or vFel7 to FoyRlla and FeyRITh, FIG. 3B 15 an exemplary graph illustrating
binding of Abl engineered with wild-type 12G1, wild-type 1gG4, vFelO or vFel7 to Clg.

{0044 FIG. 4A 15 an exemplary graph dlustrating fold induction of ADCC by Abl
engineered with wild-type 1gG1, wild-type Ig(G4, vFc10 or vFcl7. FIG, 4B is an exemplary
araph illustrating fold induction of ADCP by Abl engineered with wild-type 1g(G1, wild-type
TG4, vFel0 or vFel 7. FIG. 4C is an exeroplary graph illustrating fold mduction of CDBC by
Ab1 engineered with wild-type 1gG1, wild-type 1gG4, vFcl0 or vFcl7.

DEFINITIONS

[0045] Antibody. As used herein, the term “antibody ™ refers to immunoglobuhn
molecules and immumologically active portions of imynunoglobulin (1g) molecules, t.e.,
molecules that contain an antigen binding site that binds {immunoreacts with) an antigen. By
“binds” or “immunoreacts with” i3 meant that the antibody reacts with one or more antigenic
deternunants of the desired. Antibodies include, antibody fragments. Autibodies also include,

but are not imited to, polyclonal, monoclonal, chimeric dAb {domain antibody), single chain,
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Fab, Fab’, F(ab")2 fragments, scFvs, and Fab expression libraries. An antibody may be a

whole antibody, or immunoglobulin, or an antibody fragment.

(6046} Fe domain. As used herein, the term “Fo region” refers 1o a C-lerminal region
of an immunoglobulin heavy chain that contains at least a portion of the constant region. The
term includes native sequence Fe regions and variant Fe regions. In one embodiment, a
human fgG heavy chain Fe region extends from Cys226, or from Pro230, to the carboxyl-
terminus of the heavy chain. However, the C-termuinal ysine (Lys447) of the Fe region may
or may not be present. Unless otherwise specified herein, numbering of amino acid residues
in the Fc region or constant region 1s according to the EU numbering system, also called the
EU index, as described in Kabat et al, Sequences of Proteins of Immumological Interest, 5th

Ed. Public Health Service, National Institutes of Health, Bethesda, Md., 1991,

(6047} Fab arm exchange: The term, “Fab arm exchange™ refers to the phenomenon
that 1g(G4 antibodies can exchange ‘hali~molecules’, an activity termed Fab arm exchange
berewn. Especially in bispecific or biparatopic roolecules, this results in functionally
monovalent antibodies with unknown specificity and hence, potentially. reduced therapeutic
efficacy. Mutations can be iniroduced in the Fe domain to inhibit the Fab arm exchange. It i3
known that S228P mutation can prevent 1gG4 FAE to undeteciable levels both in vitro and m

vivo,

(048] Humanized anribody: The term “humanized antibody” includes non-human
{e.g., murine) antibodies that are specific immunoglobulin chains, chimeric
tmmunoglobuling, or fragments thereof that contain minimal non-human (e.g., murine}
sequences. Typically, hurnanized antibodies are human 1mmuonoglobulins in which residues
from the complementary determining region {CDR) are replaced by residues from the CDR
of a non-human species {e.g., mouse, rat, rabbit, hamster) that have the desired specificity,
affinity, and capability (Jones et al., Nafure 321:522-525, 1986; Riechmann et

al., Narure 332:323-327, 1988; Verhoeyen et al., Science 239:1334-1536, 1988).

0649 Monoclonal Antibody: The term “monocional antibody ™ refers to an antibody
obtained from a population of substantially homogeneous antibodies, 1.¢., the individeal
antibodies comprising the population are identical except for possible naturally-occurring
mutations that may be present in minor amounis. Monoclonal antibodies are highly specific,
being directed against a single antigenic site. The modifier “monoclonal” indicates the

character of the antibody as being obtained from a substantially homogeneous population of
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antibodies, and is not to be construed as requiring production of the antibody by any

particular method.

{6650} Mudiispecific antibody: As used herein, the term “multispecific antibody”
refers to binding molecules, antibodies, or antigen-hinding fragments thereof that have the

ability to specifically bind to two or more different epitopes on the same or different target{(s}.

[6051] Biparatopic antibody: As used herein, the term “biparaiopic antibody ™ refers
to a multispecific antibody having the capability of binding 2 different non-~overtapping

epitopes on the same target antigen molecule.

G052} Ki or Ka As used herein, the term K7, as used herein, refers to the
dissociation consiant of a particular antibody-antigen interaction as is known in the art, and
would apply as a parameter of the binding affimity of a targeting moiety to its cognate ligand

for the subject compositions.

[3053] IC50: As used herein, the term “IC50” refers to the concentration needed to
inhibit half of the maximum biological response of the Hgand agonist, and is generally

deternuned by competition binding assays.

{3054} ECS50: As used heren, the term “EC307 refers to a half maximal effective
concentration. The term ECS50 refers to the concentration of a drug, antibody or toxicant
which induces a response halfway between the baseline and maximum after a specified
exposure time. More simply, ECS0 can be delined as the concentration required to obtain a

50% of the desired effect.

[B055] Linker: As used herein, the term “linker” refers to a molecule or group of
molecules (such as a monomer or polymer) that connects two molecules and often serves fo
place the two molecules n a preferred configuration. A number of strategies may be used to
covalently link molecules together. These include. but are not limited to polypeptide linkages
between N- and C-ternmunus of proteins or protein domains, linkage via disulfide bonds, and
linkage via chemical cross-linking reagents. In one aspect of this embodiment, the linkeris a
peptide bond, generated by recombinant techniques or peptide synthesis. The linker may
contain amino acid residues that provide flexability. Thus, the hinker peptide may
predominantly include the following amino acid residues: Gly, Ser, Ala, or Thr. The linker
peptide should have a length that is adequate to link two molecules in such a way that they
assume the correct conformation relative to one another so that they retain the desired

activity. Suitable lengths for this purpose include at least one and not more than 30 amino
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acid residues. In one embodiment, the linker is from about 1 to 30 amino acids in length. In
another emnbodiment, the linker is from about 1 to 15 amino acids in fength. In addition, the
arnino acid residues selected for juclusion in the linker peptide should exhibit properties that

do not interfere significantly with the activity of the polypeptide.

{3056} scEv: As used herein, the term “scFv” refers to a fusion protein of the vanable
regions of the heavy (VH) and light chains (VL) of immunoglobulins, connected with a short

tinker peptide of ten to about 25 amino acids.

[G0S7] Fab: As used herein, the term “Fab™ refers to an antibody fragment
comprising a portion of an intact antibody, comprising the antigen-binding or variable region

thereof,

{66581 I vitro: As used heremn, the term “in vitro” refers to events that occur in an
artificial environment, e.g., in a test tube or reaction vessel, in cell culture, etc., rather than

within a multi-celiolar organism.

[3059] In vivo: As used herein, the term “in vivo” refers to events that ocour within a
multi-cellular organism, such as a human and a non-human aramal. To the context of celi-
based svstems, the term may be used to refer to events that occur within a living celi (as

opposed to, for example, in viiro svstems}.

(6060} Subject. As used herein, the term “subject” refer {0 a human or any non-human
ammal (e.g., mouse, rat, rabhit, dog, cat, cattle, swine, sheep, horse or primate). A human
includes pre- and post-natal forms. In many embodiments. a subject is 2 human being. A
subject can be a patient, which refers to a human presenting to a medical provider for
diagnosis or treatment of a disease. The term “subject” is used herein interchangeably with
“individual” or “patient.” A subject can be afflicted with or is susceptible {0 a disease or

disorder bit may or may not display symptoms of the disease or disorder.

0861} Dysfunction. As used herein, the term “dysfunction” refers to an abnormal
function. A dysfunction of a molecule (e.g., a profein} can be caused by an increase or
decrease n activity associated with such molecule. A dvsfunction of a molecule can be
caused by a defect associated with the molecule itself, or other molecules that interact

direcily or indirectly with or regulate the molecule.

(3062} Derivatives: As used herein, the term “derivatives” when used in connection

with antibody, or C3aR1 antibodies, refer to a portion having some of the sequence of an

10
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original molecule that retains at least some of the functions and/or properties of the original

molecule,

[6063] Identity: As used heremn, the term “dentity” refers a relationship between the
sequences of two or more polypepiide molecules or two or more nucleic acid molecules as
known in the art, comparing the sequences of these molecules. The relationship determined
by doing. In the art, “identity™ also means the degree of sequence relatedness between nucleic
acid molecules or polypeptides, and in some cases more than one nucleotide sequence or
maore than one. It may be determined by a match between amino acid sequence strings.
“Identity” means between a gap alignment (if any} addressed by a particular mathematical
model or computer program (e, an “algorithy™) and a smaller sequence of two or more

sequences. Measure the percent identity match

[(30364] Similarity or Similar: As used herein, the term “sinulanity” is used in the art
with respect to related concepts, but in contrast to “identity,” “similarity”, refers to both
wdentity and conservative substitution matches. Indicating relevance, including if two
polvpeptide sequences have, for example, 10 identical amino acids out of 20 amino acids and
the rest are all non-conservaiive substitutions, the percent identity and percent similarity are
both 50%. In the same example, if there are S more conservative substitutions, the percent
identity remains 50%, but the percent similanty 1s 75%. Thus, if there are conservative
substitutions, the percent similarity between the two polypeptides is higher than the percent

identity between these two polypeptides.

3065} Treating: As used herein, the term “treat,” “treatment,” or “treating” refers to
anty method used to partially or completely alleviate, ameliorate, relieve, mhibit, prevent,
delay onset of, reduce severity of and/or reduce incidence of one or more symptoms or
features of a particular disease, disorder, and/or condition. Treatment mav be administered to
a subject who does not exhibit signs of a disease and/or exhibits only early signs of the
disease for the purpose of decreasing the risk of developing pathology associated with the
disease.

(0066} Vector: The term "vector” refers to a polynuclectide (usually DNA) used to
artificially carry foreign genetic matetial to another cell where it can be replicated or
expressed. Non-limiting exemplary vectors include plasmids, viral vectors, cosnuds, and

artificial chromosomes. Such vectors may be derived from a variety of sources, including

11
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bacterial and viral sources. A non-limiting exemplary viral source for a plasmid is adeno-
assoctated virus.

{6067} Various aspects of the disclosure are described in detail in the following
sections. The use of sections is not meant to limit the disclosure. Each section can apply to
any aspect of the disclosure. In this application, the use of “or” means “and/or” unless stated
otherwise., As used herein, the singudar forms “a”, “an”, and “the” include both singular and

plural referents unless the context clearly dictates otherwise.

DETAILED DESCRIPTION

[B068] The Fe region of an antibody controls antibody cviotoxic activities and can
wpact seruro half-Ife of the antibody. 1n a therapeutic context, however, the cytotoxic
effector function of an antibody is often not destrable and can create safety concerns and
unwanted side effects by activating host imomune defenses. In cases where additional
activation s detrimental, Fe-engineering is required to silence the 1gG Fe domain such that «f

cannot bind to Fe-Gamma receptors.

[(3069] The present disclosure describes new classes of Fe variants that are
particularly effective in silencing the IgG Fe domain. Notably, the combinations Fe
mutations of the present invention are novel and reduce binging to the Fe-Gamma receptors

and Clyg, effectively reducing the undesired ADCC, ADCP, and CDC effector functions.

Fe Region and its Effector Functions

3076 The F¢ region of an antibody nteracts with a number of Fe receptors and
ligands, imparting an array of important functional capabilities referred to as effector
functions. For IgQ, the Fc region comprises Ig domains {y2 and Cv3 and the N-ternunal
hinge leading into Cy2. An important family of Fc receptors for the 1gG class are the Fe
gamma receptors (FoyRs). These receptors mediate communication between antibodies and
the cellular arm of the immune system {(Raghavan et al., 1996, Annu Rev Cell Dev Biol
12:181-220; Ravetch et al., 2001, Annu Rev Imnwunol 19:275-290). In humans this protein
family inclades FeyRI {CD64), mcluding isoforms FeyRla, FeyRIb, and FeyRlic; FoyRI
(CD32). including isoforros FoyRHa (including allotypes H131 and R131), FeyRHb
{including FeyRIIb-1 and FeyREb-2), and FeyRlc; and FoyRI (CD16), including isoformos

iz
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FeyRia (including allotypes V158 and F158) and FeyRIHIb (including allotypes FeyRIlIb-
NAT and FoyRIID-NAZ) (Jefferis et al., 2002, Tmmunol Lett 82:57-65, incorporated by
reference). These receptors typically have an extracellular domain that mediates binding 1o
Fc, a membrane spanning region, and an mtracellular domain that may mediate some
signaling event within the cell. These receptors are expressed in a variety of immune cells
mcluding monocyies, macrophages, neutrophils, dendritic cells, eosinophils, mast cells,
platelets, B cells, large granular lvmphocyies, Langerhans' cells, natural killer (NK} cells, and
76 T cells. Formation of the Fo/FeyR complex recruits these effector cells to sites of bound
antigen, typically resulting in signaling events within the cells and important subsequent
immine responses such as release of inflaramation mediators, B cell activation, endocytosts,
phagocyiosis, and cviotoxic attack. The ability to mediate cytotoxic and phagocytic effector
functions is a potential mechanism by which antibodies destroy targeted cells. The cell-
mediated reaction wherein nonspecific cytotoxic cells that express FeyRs recognize bound
antibody on a target cell and subsequently cause lysis of the target cell is referred 1o as
antibody dependent cell-mediated cvtotoxicity (ADCC) (Raghavan et al., 1996, Annu Rev
Cell Dev Biol 12:181-220; Ghetie et al , 2000, Annu Rev Immunol 18:739-766; Raveich et
al., 2001, Anou Rev fmmunol 19:275-290, incorporated by reference). The cell-mediated
reaction wherein nonspecific cytotoxic cells that express FeyRs recognize bound antibody on
a target cell and subsequently cause phagocytosis of the target cell is referrad to as antibody
dependent cell-mediated phagocytosis (ADCP). A number of struciures have been solved of
the extracellular domains of human FoyRs, including FeyRIa (pdb accession code THOV)
(Sondermann et al., 2001, J Mol Biol 309:737-749) {pdb accession code 1 FCG) (Maxwell et
al., 1999, Nat Struct Biol 6:437-442), FoyR1IIb {pdb accession code 2FCB) (Sondermann et
al., 1999, Erabo J 18:1095-1103); and FeyRIHb (pdb accession code 1E4)) (Sondermann et
al., 2000, Nature 406:267-273, incorporated by reference}. All FoyRs bind the same region on
Fc, at the N-terminal end of the Cy2 domain and the preceding hinge. This interaction is well
characterized structurally (Sondermann et al., 2001, J Mol Biol 309:737-749 mcorporated by
reference}, and several structures of the human Fe bound to the exiracellular domain of
human FcyRIib have been solved {pdb accession code TE4K }(Sondermann et al., 2000,
Nature 406:267-273) {pdb accession codes 1S and HEX) {(Radaev et al., 2001, J Biol Chem
276:16469-16477, incorporaled by reference), as well as has the structure of the human IgE
Fd/FceRla complex {pdb accession code 1F6A) (Garman et al. | 2000, Nature 406:259-266,

incorporated by reference}.
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6871} An overlapping but separate site on Fe serves as the interface for the
complement protein Clg. In the same way that Fo/FeyR binding mediates ADCC, Fe/Clyg
hinding mediates complement dependent cytotoxicity (CDC). Clg forms a complex with the
serine proteases Clr and Cls to form the C1 complex. {lq is capable of binding six
antibodies, although binding to two IgGs is sufficient to activate the complement cascade.
Similar to Fo inferaction with FoyRs, different IgG subelasses have different affinity for Clg,

with IgG1 and g3 typically binding substantially better to the FoyRs than 1gG2 and IgG4.

[0G72} A site on Fe between the Cy2 and Cv3 domains mediates interaction with the
neonatal receptor FcRa, the binding of which recycles endocytosed antibody from the
endosome back to the bloodsiream (Raghavan et al., 1996, Annu Rev Cell Dev Biol 12:181-
220; Ghetie et al., 2000, Annu Rev Imnunol 18:739-766, incorporated by reference). This
process, coupled with preclusion of kidney filtration due to the large size of the full length
molecule, results in favorable antibody serum half-lives ranging from one to three weeks.
Bindiog of Fe to FeRuo also plays a key role in antibody transport. The binding site for FeRn
on F¢ is also the site at which the bacterial proteins A and G bind. The tight binding by these
proteins is ty pically exploited as a means to purify antibodies by employing protein A or
protein G affinity chromatography during protein purification. Thus the fidelity of this region
on Fe is important for both the clinical properties of antibodies and their purification.
Avatlable structures of the rat Fo/FcRa complex (Martin et al., 2001, Mol Cell 7:867-877,
incorporated by reference}, and of the complexes of Fe with proteins A and G (Deisenhofer,
1981, Biochemisiry 20:2361-2370; Saver-Eriksson et al., 1995, Structure 3:265-278; Tashiro
et al, 1995, Curr Opin Struct Biol 5:471-481, incorporated by reference) provide msight into
the mteraction of Fc with these proteins.

{6073} The present invention is direcied to optimized Fe vanants useful in a variety of
contexts. As outhned above, current antibody therapies suffer from a vanety of problems.
The present invention provides a promising means for enhancing the therapeutic efficacy of
antibodies is via abolishment of their ability to mediate cytotoxic effector functions such as

ADCC, ADCP, and CDC.

Fe Variants of the Present {nvention

[2074] The Fc¢ variants of the present invention may find use in a variety of Fe

polypeptides. An Fe polypeptide that comprises an Fe variant of the present invention is

14
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herein referred 1o as an “F¢ polypeptide of the present invention”. Fc polypeptides of the
present invention include polypeptides that comprise the Fo variants of the present invention
in the context of a larger polypeptide, such as an antibody or Fe {usion. That is, Fe
polypeptides of the present invention include antibodies and Fc fusions that comprise Fc
variants of the present invention. By “antibodv of the present invention™ as used herein is
meant an antibody that comprises an Fe variant of the present invention. By “Fc {usion of the
present invention” as used herein refers to an Fc fusion that comprises an Fc variant of the
present invention. Fc polypeptides of the present invention also include polypeptides that
comprise hittle or no additional polypeptide sequence other than the Fe region, referred {0 as
an isolated Fe. Fe polvpeptides of the present iovention also include fragroents of the Fe
region. As described below, any of the aforementionad Fc¢ polypeptides of the present
invention may be fused to one or more fusion partners or conjugate partners to provide

desired functional properties.

[0875) The parent Fe polypeptides described herein may be derived from a wide
range of sources, and may be substantially encoded by one or more Fc genes from any
organism, inchuding bwt not limited to humans, rodents including but not limited to mice and
rats, lagomorpha such as rabbits and hares, camelidae such as camels, Hamas, and
dromedaries, and non-human primates, including but not linuted to Prosinuans, Platyrrhing
(New World monkeys}, Cercopithecoidea {Old World monkeys), and Hominoidea include the
(ibbons, Lesser and Great Apes, with humans most preferred. The parent Fe polypeptides of
the present invention may be substantially encoded by inwounoglobulin genes belonging to
any of the antibody classes, including but not limited to sequences belonging to the IgG
{including human subclasses IgG1, 1932, 1g(3, or Ig(G4), IgA {including human subclasses
IgAl and IgA2), 1D, IgE, I2G, or IgM classes of antibodies. The parent Fc poly peptides of
the present invention comprise sequences belonging to the huroan 1gG class of antibodies.
For example, the parent Fc polypeptide may be a parent antibody, for example a huwman IgG1l
antibody, a human IgA antibody, or a mouse [2G2a or IgG2b antibody. Said parent antibody
may be nonhuman, chimeric, humanized, or fully human as described 10 detail below. The
parent Fc polypeptide may be modified or engineered in some way, for example a parent
antibodyv may be affinity matured, or may possess engingered glveoforms, all as described
more fully below. Alternatively, the parent Fe polypeptide may be an Fe fusion, for example
an Fc fusion wherein the fusion pariner targets a cell surface recepior. Alternatively, the

parent Fc polvpeptide may be an isolated Fe region, comprising little or no other polypeptide

[
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sequence outside the Fc region. The parent Fe polypeptide may be & naturally existing Fe
region, or may be an existing engineered variant of an Fe polypeptide. What is important is
that the parent Fc polypeptide comprise an Fe region, which can then be mutated to generate

an Fc varnant.

6076} The Fc variants of the present invention may find use in a wide range of
products. In one embodiment the Fo variant of the invention is a therapeutic, a diagnostic, or
aresearch reagent, preferably a therapeutic. Alternatively, the Fe¢ variant of the present
invention may be used for agricultural or industrial uses. An antibody of the present invention
may find use in an antibody composition that is monoclonal or polyclonal. The Fe variants of
the present invention may be agonists, antagonisis, neutralizing, inhibitory, or stumulatory. In
a preferred embodiment. the Fc variants of the present invention are used to kil target cells
that bear the target antigen, for example cancer cells. In an alternate embodiment, the Fe
variants of the present invention are used to block, antagonize, or agonize the target antigen.
In an alternately preferred ernbodirnent, the Fe variants of the present invention are used fo
block, antagonize, or agornize the target antigen and kill the target cells that bear the target

antigen.

Opiimized Properties

{077} The present invention provides Fc variants that are optimized for a number of
therapeutically relevant properties. An Fc variant comprises one of more amino acid
modifications relative to a parent Fe polypeptide, wherein said amino acid modification(s)
provide one or more optimized properties. An Fe variant of the present invention differs in
amino acid sequence from its parent Fc polypeptide by virtue of at least one amino acid
modification. Thus Fe variants of the present invention have at least one amino acid
modification compared to the parent. Alternatively, the Fe vaniants of the present invention
may have more than one amino acid modification as compared to the parent, for example
from about one to fifty amino acid modifications, from about one to ten amino acid
madifications, or from about one to about five amino acid modifications compared to the
parent. Thus the sequences of the Fc varants and those of the parent Fo polypeptide are
substantially homologous. For example, the variant Fe variant sequences herein will possess
about 80% homology with the parent Fc vartant sequence, preferably at least about 90%

homology, and most preferably at least about 95% homology.
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{6878} The Fc variants of the present invention may be optimized for a variety of
properties. An Fo variant that i1s engineered or predicted to display one or more oplimized
propetties is herein referred to as an “optiroized Fo variant”. Properties that may be optinuzed
include but are not limited to enhanced or reduced affinuty for an FoyR. In some
embodiments, the Fe variants of the present invention are optimized to have reduced or
ablated affinity for a human FoyR, including but not limited to FeyRY, FoyRlila, FoyRidb,
FeyRlilce, FoyRIia, and FoyRIHb. These embodiments are anticipated to provide Fe
polvpeptides with enhanced therapeutic properties in humans, for example reduced effector
function and reduced toxicity. In other embodiments, Fe variants of the present invention
provide enhavced affinity for one or more FoyRs, vet reduced affimty for one or more other
FeyRs. For example, an Fc variant of the present invention may have enhanced binding to
FeyRlHla, yet reduced binding to FeyRHb. Altemately, an Fo variant of the present invention
may have enhanced binding to FeyRlla and FeyRI, vet reduced binding to FeyRIIb. In vet
another embodiment, an Fc variant of the present mvention may have enhanced affinity for

FeyRIIb, vet reduced affinity to one or more activating FoyRs.

{6879} in some embodimenis, an Fo variant has reduced or ablated affinmity for FoyRL
In some erobodiments, an Fo vanant has reduced or ablated affinity for FoyRta. To some
embodiments, an Fe variant has reduced or ablated affinity for FoyRIIb. In some
embodiments, an Fe variant has redeced or ablated affinity for FeyRIke. In some
embodiments, an Fo variant has reduced or ablated affimity for FoyRila, In some
emboduments, an Fc variant has reduced or ablated affinity for FoyRIHb. In sorme
embodiments, an F¢ variant has reduced or ablated affinity for Clq. In some embodiments,
an Fc variant has enhanced affinity for FeRn. In some embodiments, an Fe variant maintains
affinity for FeRn. In some emboduments, an Fe variant has redaced or ablated affinity for
FoyRE, FeyRIla, FoyRITb, FeyRilla, FoyRIHD, and Clg. To some embodiments, an Fc variant
has reduced or ablated affinity for FoyR], FeyRlila, FoyRIIb, FoyRIHa, FoyRHIb, and Clq,

and retains binding to FeRn.

HEHERTH The Fe variants of the present invention may also be optimized for enhanced
functionality and/or solution properties in aglycosylated form. In a preferred embodiment, the
aglycosylated Fe variants of the present invention bind an Fe ligand with reduced affinity
than the aglycosylated form of the parent Fo variant. Sard Fe hgands include but are not
houted to FeyRs, Clg, FeRn, and proteins A and G, and may be from any source including

but not limited to human, mouse, rat, rabbit, or monkey, preferably human. In an alternately
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preferred embodiment, the Fc variants are optimized to be more stable and/or more soluble

than the aglycosvlated form of the parent Fo variant.

Engineered Fo mutations

[G0B1] in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe vartant of a wild-type human IgG1 Fe region, said Fe variant
comprising amino acid substitutions L234F/L233E/D263G, wherein the residues are

nurabered according to the EU index.

[3082] in one aspect. the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type human [gG1 Fe region, said Fe variant
comprising amino acid substitutions L234F/L235E/G237TA/D265G, wherein the residues are

numbered according to the EU mmdex.

[G0R3] in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe vartant of a wild-type human IgG1 Fe region, said Fe variant
comprising amino acid substitutions L234V/L235E/G237A/D265G, wherein the residues are

nurabered according to the EU index.

[3084] in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type human [gG1 Fe region, said Fe variant
comprising amano acid substitutions L234F/L235SE/D265G/A3308/P3315, wherein the

residues are nurobered according to the EU index,

[G0BS] in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fo variant of a wild-type human IgG1 Fe region, said Fe variant

comprising amino acid substitutions L234V/L235A/G237TA/D2650, wheremn the residues are
‘%} 2

nurabered according to the EU index.

[3086] in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type human [gG1 Fe region, said Fe variant
comprising amuno acid substitutions L234V/L235A/G23T7A/D265G/A3308/P331S wherein
the residues are numbered according to the EU mdex.

[G0R 7] in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fo variant of a wild-type human IgG1 Fe region, said Fe variant
comprising an amino acid substitution D2635G, wherein the residues are numbered according

to the BU index.
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{60335} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan IgG4 Fe region, said Fe variant
comprising amino acid substitutions L235E/D263G/S228P wherein the residues are

numbered according to the EU index.

{3089} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe vartant of a wild-tvpe human 1gG4 Fe region, said Fe variant
comprising amino acid substitutions F234V/L235E/D265G/S228P wherein the residues are

numbered according to the EU index.

{6096} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan 1gG4 Fe region, said Fe variant
comprising amino acid substitutions F234V/L235A/G237A/D265G/8228P wherein the

residues are numbered according to the EU index.

{3091} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe vartant of a wild-type human 1gG4 Fe region, said Fe variant
comprising amino acid substitutions L235E/G237A/D265G/S228F wherein the residues are

numbered according to the EU index.

{6092} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan 1gG4 Fe region, said Fe variant
Iz

comprising amino acid substitutions L235E/G237A/P329G/8228P wherein the residues are

numbered according to the EU index.

{3093} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fc vartant of a wild-type human 1gG4 Fe region, said Fe variant
comprising amino acid substitutions L2358/G237A/L328R/S228P wherein the residues are

numbered according to the EU index.

{6094} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fc variant of a wild-type hurnan 1g(G2 Fe region, said Fe variant
comprising amino acid substitutions D26SG/A3308/P331S wherein the residues are
numbered according to the EU mdex.

[B005] In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fc variant of a wild-tvpe human 1gG2 Fe region, said Fe variant
comprising amino acid substitutions A233E/D265G/A3308/P331S wherein the residues are
numbered according to the EU index.
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{6096} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan 1g(G2 Fe region, said Fe variant
comprising amino acid substitutions A235E/D265G/P329G wherein the residues are

numbered according to the EU index.

{30971 In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fc vartant of a wild-type human 1gG Fc region, said Fe vanant
comprising an amino acid substitutions at positions 235 and 265, wherein the amino acid at

265 1s substituted to Gly, wherein the residues are numbered according to the EU index.

{60935} in some embodiments, an Fo variant further comprises one or more amino acid
substitutions at 234, 237, 329, 330, or 331, In some embodiments, an F¢ variant further
comprises an amino acid substitution at 234. In some embodiments, an Fo variant further
comprises amine acid substitutions at 234 and 237, In some embodiments, an Fc variant
further comprises amino acid substitutions at 234, 330, and 331, In some embodiments, an
Fe vaniant further coraprises amano acid substitations at 234, 237, 330, and 331, In some
embodiments, an Fc variant further comprises an amino acid substitution at 237, In some
embodiments, an Fc¢ variant further comprises amino acid substitutions at 330 and 331, In

some embodiments, an Fo variant further comprises an amino acid substitution at 329.

6099} in one aspect, the present invention provides, among other things, an 1solated
polypeptide comprising an Fc variant of a wild-type human 19G Fe region, said Fc variant
comprising an amino acid substitutions at positions 234 and 265, wherein the amino acid at

234 1g substituted to Val, wherein the residues are numbered according to the EU index.

[3106] in some embodiments, an Fo variant further comprises anuno acid
substitutions at 235 and 237. In some embodiments, an Fc variant further comprises amino
acid substitutions at 235, 237, 330 and 331. In some embodiments, an Fc variant further
comprises an amino acid subsiitution at 2335,

6161} in oue aspect, the present nvention provides, among other things, an 1solated
polypeptide comprising an Fc variant of a wild-type human [gG4 Fe region, said Fe variant
comprising an amino acid substitutions at positions F234, 1L.235, and D265, wherein the

residues are numbered according to the EU index.

3182} in one aspect, the present jovention provides, among other things, an isolated

polypeptide comprising an Fo vartant of a wild-tvpe human 1g(G Fe region, said Fo varant
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comprising an amino acid substitutions of 234V, L235E, and D265G, wherein the residues

are numbered according to the EU index.

{61031 In some embodiments, an Fo variant is 1G4 Fe region. In some
embodiments, an Fe variant comprises amino acid substitutions of S228P, F234V, L235E,
and D265G. In some embodiments, an Fe variant is IgG4 Fe region and comprises amino

actd substitutions of S228P, F234V, L235E, and D265G.

{3184} o one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fo vartant of a wild-type human Ig(G Fc region, said Fe varnant
comprising an amino acid substituions of 234F, L235E, and D265, wherein the residues are

numbered according to the EU index.

[3105] In some embodiments, an Fc variant is TgG1 Fe region. In some
embodiments, an Fe variant comprises amino acid substitutions of L234F, L235E, and
D265G. In some embodiments, an Fe variant is IgG1 Fe region and comprises aming acid

substitutions of L234F, L235E, and D265G.

{3186} {n one aspect, the present jnvention provides, among other things, an isolated
polypeptide comprising an Fo vartant of a wild-type human Ig(G Fe region, said Fo vanant
comprising an amino acid substitutions of 234F, L235E, G237A, and D263G, wherein the

residues are numbered according {o the EU index.

6197} In some embodiments, an Fc variant is TgGl Fe region. In some
erabodiments, an Fe variant comprises amino acid substitutions of L234F, L233E, GZ37A,
and D265G. In some embodiments, an Fc variant is IgG1 Fc region and comprises amino

acid substitutions of L234F, L233E, G237A, and D265G.

[G108] in one aspect, the present invenfion provides, among other things, an isolated
polypeptide comprising an Fo variant of a wild-type human Ig( Fe region, said Fe variant
comprising an amino acid substitutions of 234V, L235E, G237A, and D265, wherein the
residues are numbered according to the EU index.

[3109] In some embodiments, an Fc variant is TgG1 Fe region. In some
emnbodiments, an Fe variant comprises amino acid substitutions of L234V, L235E, G237A,
and D265G. In some embodiments, an Fc variant is fgG1 Fc region and comprises amino

acid substitutions of 1234V, L233E, G237A, and D265G.
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{6116} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan IgG Fe region, said Fe variant
comprising an amino acid substitutions of 234F, L235E, D265D, A3308, and P3318, wherein

the residues are numbered according to the EU index.

[B118] In some embodiments, an Fc variant is IgG1 Fe region. In some
embodiments, an Fe variant comprises amino acid substituiions of L234F, L235E, D263D,
A3308, and P3318. In some embodiments, an Fo vanant is IgG1 Fe region and comprises

anuno acid substitutions of L234F, L235E, D265, A3308, and P331S.

{6112} in one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-type hurnan g Fe region, said Fe variant
comprising an amino acid substitutions of 234V, L2354, G237A, and D265G, wherein the

residues are numbered according to the EU index.

{3113] In some embodiments, an Fc variant is IgG1 Fe region. In some
embodiments, an Fe variani comprises amino acid substitudions of L234V, L235A, G237A,
and D265G. In some embodiments, an Fo variant 1s IgG1 Fe region and comprises amino
acid substitutions of 234F, 1234V, L235A, G237 A, and D263G. In some embodiments, an
Fe variant 1s TgG4 Fo region. In some embodiments, an Fe vanant comprises amine acid
substitutions of S228P, 1234V, L235A, G237A, and D265G. In some embodiments, an Fe
variant is 1gG4 Fe region and comprises amino acid substitutions of 8228P, 1234V, L.235A,

(G237A, and D265G.

{3114} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fo vaniant of a wild-type human IgG Fe region, said Fe vanant
comprising an amino acid substitutions of 234V, L2354, G237A. D265G, A3308, and P3318

wherein the residues are numbered according to the EU index.

[6115] In some embodiments, an Fo variant 15 TgG1 Fe region. In some
emnbodiments, an Fe variant comprises aruno acid substitutions of L234V, L.233A, G2374,
D265G, A3308, and P3318. In some embodiments, an Fo variant is 1gG1 Fe region and
comprises amine acid substitutions of L234V, L235A, G237A, D263, A3308, and P3315.
3116} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fe variant of a wild-tvpe human 1gG Fe region, sawd Fe vanant
comprising an amino acid substitutions of L235E and D265G, wherein the residues are

numbered according to the EU index.
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{6117} in some embodiments, an Fo variant 1s 1G4 Fe region. In some
embodiments, an Fe variant comprises amino acid substifutions of S228P, L23SE and
D263G. In some embodiments, an Fc variant 1s 1gG4 Fe region and comprises amino acid

substitutions of S228P, L235E and D265G.

{3118} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fc vartant of a wild-type human 1gG Fc region, said Fe vanant
comprising an amino acid substitutions of L235E. G237A, and D265G, wheremn the residues

are numbered according to the EU index.

[6119] in some embodiments, an Fo variant 1s 1G4 Fe region. In some
embodiments, an Fo variant comprises amino acid substifutions of S228P, L23S5E, G237A,
and D263G. In soroe embodiments, an Fc variant is 1gG4 Fe region and comprises amino

acid substitutions of §228P, L235E, G237A, and D265G.

126} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fo vartant of a wild-type human 1gG Fc region, said Fe vanant
comprising an amino acid substitutions of L235E, G237 A, and P329G, wherein the residues

are numbered according to the EU index.

(G121} in some embodiments, an Fo variant is 1G4 Fe region. In some
embodiments, an Fo variant comprises amino acid substifutions of S228P, L23SE, G237A,
and P329G. In soroe embodiments, an Fc variant is IgG4 Fe region and comprises anuno acid

substitutions of $228P, L235E, G237A, and P329G.

i¢122} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fc vartant of a wild-type human 1gG Fc region, said Fe vanant
comprising an anuno acid substitutions of L235E, G2374, and L328R, wherein the residues

are numberad according to the EU index.

[G123] in some embodiments, an Fo variant is 1G4 Fe region. In some
embodiments, an Fo variant comprises amino acid substifutions of S228P, L23SE, G237A,
and L328R. In somwe embodiments, an Fo variant is Ig(G4 Fe region and comprises amino acid

substitutions of S228P, L235E, G237A, and L328R.

6124} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fc vartant of a wild-type human 1gG Fc region, said Fe vanant
comprising an amino acid substitutions of D265G, A3308, and P331S, wherein the residues

are numbered according to the EU index.
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{6125} in some embodiments, an Fo vartant 1s 1gG2 Fe region. In some
embodiments, an Fo variant comprises amino acid substitutions of D265G, A3308, and
P3318. In some embodimenis, an Fo variant is IgG2 Fe region and comprises amino acid

substitutions of D265G, A3308, and P3318.

126} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fc vartant of a wild-type human 1gG Fc region, said Fe vanant
comprising an amino acid substitutions of 233E, D265G, A3308, and P3318S, wherein the

residues are numbered according to the EU index.

(6127} in some embodiments, an Fo variant 1s 1gG2 Fe region. In some
embodiments, an Fe variant comprises amino acid substifutions of A233E, DB265G, A3308,
and P3318. In some embodiments, an Fc variant is IgG2 Fc region and comprises anuno acid

substitutions of AZ35E, D265G, A3308, and P3318S.

{3128} In one aspect, the present invention provides, among other things, an isolated
polypeptide comprising an Fo vartant of a wild-type human 1gG Fc region, said Fe vanant
comprising an amino acid substitutions of 235E, D265G, and P329G, wherein the residues

are numbered according to the EU index.

In some embodiments, an Fc vanant is Ig(G2 Feregion. In some embodiments, an Fc vartant
comprises amino acid subsiitutions of A2Z35E, D265, and P329G. In some embodiments, an
Fc vanant is 1g(G2 Fe region and comprises amino acid substitutions of A233E, D265G, and

P329G.

Design of Antibodies with Fo Variands

16129 The Fe vanants of the present invention mayv be an antibody, referred to herein
as an “antibody of the present invention”. Antibodies of the present invention may comprise
immunoglobulin sequences that are substantially encoded by immunoglobulin genes
belonging to any of the antibody classes, inchuding but not liraited to 1gG (including human
subclasses 1gGl, 1gG2, IgG3, or 1gG4), IgA (neluding human subclasses IgAl and IgA2),
IgD, IgE, lgG and IgM classes of antibodigs. Most preferably the antibodies of the present
fmvention comprise sequences belonging to the human IgG class of antibodies. Antibodies of
the present invention may be nonhuman, chimeric, humanized, or fully human. As will be
appreciated by one skilled in the art, these different types of antibodies reflect the degree of

“humanness” or potential level of immumogenicity in a human. For a description of these
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concepts, see Clark et al | 2000 and references cited therein {(Clark, 2000, Immunol Todav
21:397-402, meorporated by reference). Chimseric antibodies comprise the variable region of
a nonhurman antibody, for example VH and VL domains of mouse or rat origin, operably
linked to the constant region of a human antibody. Said nonhuman varitable region may be
derived from any organism as described above, preferably mammuals and most preferably
rodents or primates. In one ersbodirvent, the antibody of the present invention comprises
monkey variable domains, for example as described i Newman et al., 1992, Biotechnology
10:1455-1460, U.8. Pat. No. 5,658,570, and U.8. Pat. No. 5,750,105, incorporated by
reference. In a preferred embodiment, the variable region s derived from a nonhuman
source, but its tnmunogenicity has been reduced using protein engiveering. In a preferred
emnbodiment, the antibodies of the present invention are humanized (Tsurushita & Vasquez,
2004, Humanization of Monoclonal Antibodies, Molecular Biology of B Cells, 533-545,
Elsevier Science {USA}, incorporated by reference}. By “humanized” antibody as used herein
is meant an antibody comprising a human framework region {FR} and one or more
complementarity determining regions {CDR's) from a non-human {usually mouse or rat}
antibody. The non-human antibody providing the CDR's is called the “donor” and the human
immunoglobulin providing the framework is called the “acceptor”. Huroanization relies
principally on the grafting of donor CDRs onto accepior ¢human) VL and VH frameworks
(Winter U.S. Pat. No. 5,225,539, mcorporated by reference). This strategy is referred to as
“CDR grafting”. “Backmutation” of selected acceptor framework residues to the
corresponding donor residues is often required to regamn affinuty that 1s lost in the mitial
grafted construct (U.S. Pat. No. 5,530,101, U.S. Pat. No. 5,585,089, U.S. Pat. No. 5,693,761
.8, Pat. No. 5,693,762, U.8. Pat. No. 6,180,370; 1.8, Pat. No. 5,859,205; U.S. Pat. No.
5,821,337, U.S. Pat. No. 6,054,297, U.S. Pat. No. 6,407,213, incorporated by reference). A

2004, Humanization of Monoclonal Antibodies, Molecular Biology of B Cells, 533-545,
Elsevier Science {USA}, incorporated by reference}, and any of such methods may find use n
the present invention for modifying Fo variants for reduced immunogenicity. The humanized
antibody optimally also will comprise at least a portion of an immunoglobwlin constant
region, typically that of a hurnan immaonoglobulin, and thus will typically comprise a human

Fcregion.

{31364 In some embodiments, an antibody coraprising an Fo variant 15 a roonospectfic

antibody. In some embodiments, an antibody comprising an Fc variant is a multispecific

b
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antibody. In some embodiments, an antibody comprising an Fc variant is a bispecific
antibody. In some embodiments, an antibody comprising an Fc vanant is a multiparatopic
antibody, e.g., comprises a plurality of immmunoglobulin variable region sequences, wherein a
first immunoglobulin variable region sequence of the plurality has binding specificity fora
first epitope and a second immunoglobulin variable region sequence of the plurality has
binding specificity for a second epilope. In an erabodiment, the {irst and second epitopes are
on the same antigen, e.g., the same protein (or subunit of a multimeric protein}. A bispecific
or biparatopic antibody has specificity for no more than two antigens or eptiopes. A
bispecific or biparatopic antibody molecule is typically characterized by a first
mmunoglobulin variable region sequence which has binding specificity for a first epitope
and a second imnwmoglobulin variable region sequence that has binding specificity fora
second epitope. In an embodiment, a bispecific or biparatopic antibody molecule comprises a
half antibody, or fragment thereof, having binding specificity for a first epitope and a half
anttbody, or fragment thereof, having binding specificity for a second epitope. In an
embodiment, the first and second epitopes are on the same antigen, e.g., the same protein {or
subunit of a multimeric protein). In some embodiments, the biparatopic antibody presented
in this disclosure comprises a Fab-Fc and a single chain variable fragment (scFv), wherein

the Fe is linked to the scFv via a linker.

{3131} In some embodiments, the biparatopic antibody is a bispecific antibody with
two arms single chain Fab-Fc design, comprising “knobs-in-holes” (KiH) mutations in CH3
domain, to assemble two half antibodies {conumon Fe heterodimer and unique VH-CH and
VL-CL domains). In some embodiments, the KiH nwtations comprise, a T366Y mutation in
one CH3 domain can be used to create a knob while an Y407T mutation in the other CH3
domain to create a hole. In some embodiments, F405A mutation in one CH3 domain can be
used to create a knob while a T394W mutation in the other CH3 domain to create a hole. In
some embodiments, a T366W mutation in one CH3 domain can be used to create a knob
while an Y407 A mutation in the other CH3 domain o create a hole. In some embodiments,
the biparatopic scFv-Fe molecules can be produced with knob-hole technology (e.g.,
ncluding hole mutations: Y349C, T3668, L368A, Y407V, knob mutations: S354C, T366W).

{6132} in some embodiments, the biparatopic antibody comprises antibody formats

described in Table 2.

Table 2. Formats of biparatopic antibodies
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(Stte H) Fab-IgG-scFv (Site I}

(Site i) Fab-lgG-linker-V L{Site I}-linker-VH (Site 1}

{Site IH) Fab-TgG-linker-VH(Site I}-linker-VL (Site T3

(Site I} Fab-1gG-scFv (Site H)

[6133] In an embodiment, the biparatopic antibody molecule comprises two heavy
chairy variable regions and two light chain variable regions. In an embodiment, the anti-
{5aR1 antibody molecule comprises a Fab, F(ab")2, Fv, Fd, or a single cham Fv fragment

(s¢Fv).

[3134] in some embodiments, the Fc¢ domain used in this application comprises oris
derived from an IgG, IgM, IgE, Fc portion. In addition to the KiH mutations described above,
the Fc domain comprises S228P mutation. In some embodiments, the S228P enhanced the
homogenetty of the antibody. In some embodiments, the Fe domain comprises or is derived
frora an fgG Fe domain, In some embodiments, the lgG Fo domain 1s IgGL, 1gG2, 1gG3 or
IgG4 Fe domain. In some embodiments, the F¢ domain is derived from or comprises an 9G4
Fc¢ domain. In some embodiments, the Fc domain is derived from or comprises an IgG4 Fo
doman with SZ28P mutation. In somwe embodiments, the Fo domain is derived from or
comprises an Ig(31 Fc domain. In some embodiments, the Fe domain is derived from or

comprises an IgG1 Fe domain with S228P mutation.

[6135] In some exemplary embodiments, the mono~-specific and biparatopic
antibodies can be modified or mutated to enhance the thermal stability of the antibody. The
thermal stability of the antibodies can be evaluated by determining the ageregation onse
temperature. One of the wavs {0 increase antibody stability is 1o raise the thermal transition
midpoint {Tm) as measured by differential scanning calorimetry {BSC). In general, the
protein Tm is correlated with us stability and inversely correlated with its susceptibility to
unfolding and denaturation in solution and the degradation processes that depend on the
tendency of the protein to unfold. A nurnber of studies have found correlation between the
ranking of the physical stability of fornmulations measured as thermal stability by DSC and
physical stability measured by other methods (Maa et al. (1996} Int. J. Pharm. 140; 155-68;
Remmele et al. (1997) Pharm. Res. 15: 200-8; Gupta et al. {2003} AAPS PharmSci. SE&:
2603; Bedu-Addo et al. {2004} Pharm. Res. 21: 1353-61; Zhang et al. (2004} J. Pharm, Sci.
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03: 3076-89). Formulation studies suggest that a Fab Tm has implication for long-term

physical stability of a corresponding mAb.

{6136} In some exemplary embodiments, strategic introduction of disulfide bonds can
stabilize monomeric and multisubunit proteins, play a role in enhancing thermal stability of

antibodies.

6137} In some exemplary embodiments, strategic introduction of n-stacking
interactions with aroroatic amino acids (AAs) like tryptophan (TRP), tvrosine (TYR],
phenylalanine (PHE}) and histidine (HIS), play a role in enhancing thermal stability of

antibodies.

{6138} In some embodiments, strategic introduction of salt bridges occurring between
amino acid side~-chains with opposite positive or negative full-electron charges, namely, {(at
neutral pH) Glu or Asp vs. Arg or Lys, enhance the stability of proteins, particularly

antibodies.

(3139 In some exemplary embodiments, the monospecific antibody or the
biparatopic antibody comprise one or more thermal stability enhancing modifications. In
some embodiments, the thermal stability enhancing modification is introduction of a cysteine

residue.

6146} In some embodiments, the Tm of exemplary biparatopic antibodies is greater
than 65°C. In some embodiments, the Tm of exemplary biparatopic antibodies is greater than
60°C. the Tro of exemplary biparatopic antibodies is greater than $5°C. Tn some

embodiments, the Tm of exemplary biparatopic antibodies is greater than 50°C.

{6141} In some embodiments, peptide hinkers are used to link scFv or single chain
antibodies to the Fc domain of the Fab. Several Examples of suitable linkers include a single
glycine {{3) residue; a diglycine peptide (GG); a tripeptide (GGG); a peptide with four
glycine residues ({GGGG); a peptide with five glycine residues (GGGGG); a peptide with six
glycine residues {GGGGGG); a peptide with seven glveine residues (GGGGGGE); a pephide
with eight glvcine residues (GGGGGGGE). Other combinations of aminoe acid residues may
be used such as the peptide GGGGS, the peptide GGGGSGGGGS, the peptide
GGOGSGGGOSGGEGS, the peptide GGGGSGGGGSGGHGSGGGGS, the peptide
GGSGSSGRGG, QRIEG and the peptide GGPKAAP. Other suitable linkers include a single
Ser, and Val residus; the dipeptide RTQP, S8, TK, SL, TKGPS, TVAAP, QPKAA. The

examples listed above are not intended to limit the scope of the disclosure in any way, and
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linkers comprising randomly selected amino acids selected from the group consisting of
valing, levcing, isoleucine, serine, threoning, lvsine, arginine, histidine, aspartate, glotamaie,
asparagive, glutarnine, glycine, and proline have been shown to be suitable in the binding

proteins. For additional descriptions of linker sequences, see. e.g., W02012135345.

3142} The identity and sequence of amino acid residues in the linker may vary
depending on the type of secondary structural element necessary to achieve in the hinker. For
exarnple, glycine, serine, and alanine are best for hinkers having maxivoum flexibility. Some
combination of glvcine, proline, threonine, and serine are useful if a more rigid and extended
linker 13 necessary. Any amino acid residue may be considered as a linker in combination
with other ammno acid residues to construct larger peplide linkers as necessary depending on

the desired properties.

Targets
[6143] Virtually any antigen may be targeted by the Fe vanants of the present
movention, mcluding but not hineted to proteins, subunits, domawns, motfs, and/or epitopes
belonging to the following list of targets: 17-1A, 4-1 BB, 4Dc¢, 6-keto-PGFla, &-150-PGF2a,
8-ono~-dG, Al Adenosine Recepior, A33, ACE, ACE-Z, Activin, Activin A, Activin AB,
Activin B, Activin €, Activin RIA, Activin RIA ALK-2, Activin RIB ALK-4, Activin RHA,
Activin RIIB, ADAM, ADAMIO, ADAMIZ ADAMIS, ADAMIT/TACE, ADAMS,
ADAMO, ADAMTS, ADAMTS4, ADAMTSS, Addressins, aFGF, ALCAM, ALK, ALK-1.
ALK-7, alpha-1-antitrypsin, alpha-V/beta-1 antagonist, ANG, Ang, APAF-1, APE, APJ,
APP, APRIL, AR, ARC, ART, Arternin, anti-Id, ASPARTIC, Atnal natriuretic factor, av/b3
integrin, Axl, b2M, B7-1, B7-2, B7-H, B-lymphocyte Stimulator (BlyS), BACE, BACE-1,
Bad, BAFF, BAFF-R, Bag-1, BAK, Bax, BCA-1, BCAM, B¢l BOCMA, BDNF, b-ECGF,
bFGF, BID, Bik, BIM, BLC, BL-CAM, BLK, BMP, BMP-2 BMP-2a, BMP-3 Osteogenin,
BMP-4 BMP-2b, BMP-5, BMP-6 Ver-1, BMP-7 (0P-1). BMP-8 (BMP-8a, OP-2), BMPR,
BMPR-IA (ALK-3). BMPR-IB (ALK-6), BRK-2, RPK-1. BMPR-II (BRK-3), BMPs, b-
NGF, BOK, Bombesin, Bone-denved neurotrophic factor, BPDE, BPDE-DNA, BTC,
complement factor 3 {(C3), C3a, C3b, T4, S, C5a, CS5a Receptor 1 {C5aR 1) C10, CA125,
CAD-8, Calcitonin, CAMP, carcincembryonic antigen {CEA), carcinoma-associated antigen,
(Cathepsin A, Cathepsin B, Cathepsin C/DPPI, Cathepsin D, Cathepsin E, Cathepsin H,
Cathepsin L., Cathepsin O, Cathepsin S, Cathepsin V, Cathepsin X/Z2/P, CBL, CCL CCK2,

29



WO 2023/081160 PCT/US2022/048609

CCL, CCL1, CCL1Y, CCL1Z, CCL13, CCL14, CCL1S, CCLIG, CCL17, CLLIS, CCL1Y,
CCL2, CCL20, CCL21, CCL22, CCL23, CCL24, CCL2S, CCL26, CCL27, CCL28, CCL3,
CCL4, CCLS, CCL6, CCLYT. CCL8, CCLY/10. COR, CCR1, CCR10. CCR10, CCR2, CCR3,
CCOR4, CCRS, CCR6, CCR7, CCRS, CCRY, D1, D2, CD3, CD3E, (D4, CDS, CD6, D7,
ChB, CD10, CDlla, CD11b, CD11c, CD13, CD14, €S, CR16, CRS, CRIS, €20,
Ch21, Ch22 D23, CD25, CD27L, €CD28, CD29, CD30, CD30L, CD32, CD33 (po7
proteins), CD34. CD38, CD40, CD40OL, D44, CD45, CD46, CD4%a, CD52, CD54, CD35,
D36, CD61, CD64, CD6Ge, CD74, CDRO (B7-13, CDRY, CI95, €123, CD137, CD 138,
CD140a, CD 146, CD147, CD148, CD152, {D164, CEACAMS, CFTR, ¢GMP, CINC,
Clostridium botalinum foxin, Clostridium perlringens toxin, CKb8-1, CLC, CMV, CMV UL,
CNTE, CNTN-1, COX_ C-Ret, CRG-2, CT-1, CTACK. CTGF. CTLA-4, CX3CL1,
CX3CRY, CXCL, CXCL1, CXCL2, CXCL3, CXCL4, OXCLS, CXCLs, CXCL7, CXCLS,
CXCLY, CXCL10, CXCL11, CXCL12, CXCL13, CXCL14, CXCL15, CXCL16, CXCR,
CXCRI, CXCR2, CXCR3, CXCRA4, CXCRS, CXCRS, cytokeratin tumor-associated antigen,
AN, DCC, DeR3, DC-SIGN, Decay accelerating factor, des{1-33-1GF-1 (brain IGF-1), Dhh,
digoxin, DNAM-1, Dnase, Dpp, DPPIV/CD26, Dik, ECAD, EDA, EDA-AL EDA-A2,
EDAR, EGF, EGFR (ErbB-1), EMA, EMMPRIN, ENA, endothelin receptor, Enkephalinase,
eNOS, Eot. eotaxinl, EpCAM, Epluin B2/EphB4, EPO, ERCC, E-selectin, ET-1, Factor Ha,
Factor VII, Factor Vilic, Factor IX, fibroblast activation protein (FAP), Fas, FeR1, FEN-1,
Ferritin, FGF, FGF-19, FGF-2, FGF3. FGF-8, FGFR, FGFR-3. Fibrin, FL. FLIP, Fit-3, Fli-4,
Follicle stimulating hormone, Fractalkine, FZD1, FZD2, FZD3, FZD4, FZDS, FZD6, FZDT,
FZD8, FZD9, FZD10, G250, Gas 6, GUP-2, GCSF, GD2, GD3, GDF, GDF-1, GDF-3 (Vgr-
2}, GDF-5 (BMP-14, CDMP-1), GDF-6 (BMP-13, COMP-2), GDF-7 (BMP-12, CDMP-3),
GDF-8 (Myostatiny, GDF-9, GDF-15 (MIC-1), GDNF, GDNF, GFAP, GFRa-1, GFR-alphal,
GFR-alpha2, GFR-alpha3, GITR, Glucagon, Glut 4, glycoprotein Hib/tHia (GPIb/111a), GM-
CSF, gpl30, gp72, GRO, Growth hormone releasing factor, Hapten {NP-cap or NIP-cap),
HB-EGF, HCC, HCMV gB envelope glveoprotein, HCMV) gH envelope glycoprotein,
HCMV UL, Hemopoietic growth factor (HGF), Hep B gp120, heparanase, Her2, Her2/neu
{ErbB-2), Her3 (ErbB-3}, Herd (ErbB-4), herpes simplex virus (HSV) gB glycoprotein, HSY
D glycoprotein, HGF A, High molecular weight melanoma-associated antigen (HMW-
MAA), BIV gpl20, HIV HIB gpi20 V3 loop, HLA, HLA-DR, HM1 .24, HMFG PEM, HRG,
Hrk, human cardiac myosin, human cytomegalovirus (HCMV), human growth hormone
(HGH), HVEM, 1-309, IAP, ICAM, ICAM-1 ICAM-3, ICE, ICOS, IFNg, Ig, IgA recepior,
igE, IGF, IGF binding proteins, IGF-1R, IGFBP, IGF-1, IGF-11, IL, TL-1, JL-1R, IL-2, IL-2R,
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IL-4, IL-4R, IL-5 [L-3R, IL-6, IL-6R, [L-8 1L-9 IL-10,1L-12 IL-13 IL-15,1L-18 IL-18R,
IE-23, interferon (INF)-alpha, INF-beta, INF-gamma, Inhibin, iNOS, Insulin A-chain, Tnsulin
B-chain, Tosulin-like growih {actor 1, integriv alphaZ2, integrin alpha3, integrin alphad,
integrin alphad/betal, integrin alphad/beta7, integrin alpha$ (alphaV}, integrin alphaS/betal,
integrin alphaS/beta3, integrin alphat, integrin betal, ntegrin beta?, interferon gamuma, IP-
10, I-TAC, IE, Kallikrein 2, Kallikrein 5, Kallikrein 6, Kallikrein 11, Kallikrein 12,
Kallikrein 14, Kallikrein 15, Kallikrein L1, Kallikrein 1.2, Kallikrein L3, Kallikrein L4, KC,
KDR, Keratinocvte Growth Factor {KGF), laminin 5, LAMP, LAP, LAP {TGF-1}, Latent
TGF-1, Latent TGF-1 bpi, LBP, LDGYE, LECTZ, Lefty, Lewis-Y antigen, Lewis-Y related
antigen, LFA-1, LFA-3, Lfo, LIF, LIGHT, hpoproteins, LIX, LKN, Lpin, L-Selectin, LT-a,
LT-b, LTB4, LTBP-1. Lung surfactant, Luteinizing hormone, Lymphotoxin Beta Receptor,
Mac-T, MAJCAM. MAG, MAP2, MARC, MCAM, MCAM, MCK-2. MCP, M-CSF, MDC,
Mer, METALLOPROTEASES, MGDF receptor, MGMT, MHC (HLA-DR), MIF, MIG,
MIP, MiP-1-alpha, MK, MMACT, MMP, MMP-1, MMP-10, MMP-11, MMP-12, MMP-13,
MMP-14, MMP-15, MMP-2, MMP-24, MMP-3, MMP-7, MMP-8, MMP-9, MPIF, Mpo,
MSK, MSP, mucin (Mud), MUCI8, Muellerian-inhibitin subsiance, Mug, MaSK, NAIP,
NAFP, NCAD, N-Cadherin, NCA 90, NCAM, NCAM, Neprilysin, Neurotrophin-3, -4, or -6,
Neurturin, Neuronal growth factor (NGF), NGFR, NGF-beta, nNQOS, NO, NOS, Npn, NRG-
3, NT, NTN, OB, OGGl, OPG, OPN, O8M, OX40L, OX40R, p150, p93, PADPr,
Parathvroid hormone, PARC, PARP, PBR, PBSF, PCAD, P-Cadherin, PCNA, PDGF, PDGFE,
PDK-1, PECAM, PEM, PF4, PGE, PGF, PGIZ, PGI2, PIN, PLAZ, placental alkaline
phosphatase (PLAP), PIGF, PLP, PP14, Proinsulin, Prorelaxin, Protein C, PS, PSA, PSCA,
prostate specific membrane antigen (PSMA), PTEN, PTHrp, Ptk, PTN, R51, RANK,
RANKL, RANTES, RANTES, Relaxin A-chan, Relaxin B-chain, renin, respiratory syneytial
virus (RSV)Y F. RSV Fgp. Ret, Rheumatoid factors, RLIP76, RPA2, RSK, S100, SCF/KL,
SDF-1, SERINE, Serum albumin, sFRP-3, Shh, SIGIRR, 8K-1, SLAM, SLPI, SMAC,
SMDF, SMOH, SOD, SPARC, Stat, STEAP, STEAP-ITL, TACE, TACI TAG-72 (tumor-
associated glvecoprotein-72), TARC, TCA-3, T-cell receptors {e.g, T-cell receptor
alpha/beta), TdT, TECK, TEMI, TEMS, TEM7, TEMS, TERT, testicular PLAP-like alkaline
phosphatase, TIR, TGF, TGF-alpha, TGF-beta, TGF-beta Pan Specific, TGF-beta R1 (ALK~
53, TGF-beta RIL, TGF-beta RUb, TGF-beta RIUL TGF-betal, TGF-beta?, TGF-beta3, TGE-
betad, TGF-betal, Thrombin, Thymus Ck-1. Thyroid stimulating hormone, Tie, TIMP, TI(,
Tissue Factor, TMEFF2, Topo, TMPRSS2, TNF, TNF-alpha, TNF-alpha beta, TNF-beta2,
ThFa, TNF-R1, TNF-RH, TNFRSFI0A (TRAIL R1Apo-2, DR4), TNFRSFIGB (TRAIL

H
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R2DRS, KILLER, TRICK-2A, TRICK-B), TNFRSFIOC (TRAIL R3DcRS, LIT, TRID),
TNFRSFIOD (TRAIL R4 DeRZ, TRUNDD), TNFRSF11A (RANK ODF R, TRANCE R),
TNFRSFLIB (OPG OCIF, TR1), TNFRSFIZ (TWEAK R FN14), TNFRSFI3B (TACYH,
TNFRSFI3C (BAFF R), TNFRSF14 (HVEM ATAR, HveA, LIGHT R, TRZ), TNFRSF16
(NGFR p75NTR), TNFRSF17 (BCMA), TNFRSF18 {GITR AITR}, TNFRSF19 (TROY
TAJ, TRADE), TNFRSFISL (RELT), TNFRSFIA (TNF RICD120a, p55-60), TNFRSFIB
{(TNF RHCD120b, p75-80), TNFRSF26 (FNFRH3), TNFRSF3 (LTHR TNF RUL INFC R},
TINFRSF4 (OX40 ACT35, TXGPIR), TNFRSFS (UD40 pS0), TNFREF6 (Fas Apo-1, APTIL,
CD93}), TNFRSFOB (DeR3M6E, TRG), TNFRSF7 (CD27), TNFRSFS (CD303, TNFRSFO (4-
1BB CDI37, ILA), TNFRSF21 (DR6), TNFRSF22 (DcTRAIL R2TNFRH2), TNFRST23
(DcTRAIL RUTNFRHD), TNFRSF25 (DR3 Apo-3, LARD, TR-3, TRAMP, WSL-1),
TNFSF10 (TRAIL Apo-2 Ligand, TL2), TNFSF11 (TRANCE/RANK Ligand ODF, OPG
Ligand), TNFSF12 {TWEAK Apo-3 Ligand, DR3 Ligand}, TNFSF13 (APRIL TALL2),
TNFSF13B (BAFF BLYS, TALLT, THANK, TNFSF20), TNFSF14 (LIGHT HVEM Ligand,
LTe), TINFSFI5 (TL1A/VEGH, TNFSFi8 (GITR Ligand AITR Ligand, TL6), TNFSF1A
{TNF-a Conectin, DIF, TNFSF2), TNFSFIB (TNF-b LTa, TNFSFI), TNFSF3 (LT TNFC,

HIGM1, IMD3, TRAP), TNFSF6 (Fas Ligand Apo-1 Ligand, APT1 Ligand), TNFSF7
(CD27 Ligand CD70}), TNFSF8 (CD30 Ligand CD153), TNFSF9 (4-1BB Ligand CD137
Ligand), TP-1, +-PA, Tpo, TRAIL, TRAIL R, TRAIL-R1, TRAIL-R2, TRANCE, transferring
receptor, TRF, Trk, TROP-2, TSG, TSLP, tumor-associated antigen CA 125, tumor-
associated antigen expressing Lewis Y related carbohydrate, TWEAK, TXB2, Ung, uPAR,
uPAR-1, Urokinase, YCAM, VCAM-1, VECAD, VE-Cadherin, VE-cadherin-2, VEFGR-1
{fit-1), VEGF, VEGFR, VEGFR-3 ({lt-4), VEGL, VIM, Viral antigens, VLA, VLA-1, VL A4,
YNR integrin, von Willebrands factor, WIF-1, WNTT, WNT2, WNT2ZB/13, WNT3,
WNT3A, WNT4, WNTSA, WNTSB, WNTO, WNTTA, WNTTB, WNTEA, WNTSB,
WNTOA, WNTSA, WNTOB, WNTI0A, WNTIOB, WNTI1, WNT16, XCLI, XCL2, XCR1,
XCRI, XEDAR, XIAP, XPD, and receptors for hormones and growth factors.

G144} in some embodiments, an antibody comprising an Fe variant specifically binds
a complement factor. In some embodiments, an antibody comprising an Fc variant
specifically binds SARS-CoV-2. In some embodiments, an antibody comprising an F¢
variant specifically binds amyloid beta protofibrids. In some embodiments, an antibody

comprising an F¢ varniant specifically binds LAG-3. In some embodiments, an antibody
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comprising an Fc variant spectfically binds CD3. In some embodiments, an antibody
comprising an Fe variant specifically binds VEGF. In some embodiments, an antibody
comprising an Fo variant specifically binds Ang-2. In some embodiments, an antibody
comprising an Fc variant specifically binds PD-1. In some embodimenis, an antibody
comprising an Fc varant specifically binds EGFR. In some embodiments, an antibody
comprising an Fe¢ variant specifically binds IFNAR1. In some embodiments, an antibody
comprising an Fe¢ variant specifically binds CD19. in some embodimends, an antibody
comprising an Fc variant specifically binds IL-17A. In some embodiments, an antibody
comprising an Fc variant specifically binds IL-17B. In some embodiments, an antibody
comprising ao Fo vartant specifically binds HL-13. fo some embodiveents, an antibody
comprising an Fc variant specifically binds angiopoietin-like 3. In some embodiments, an
antibody comprising an Fc variant specifically binds nerve growth factor. In some
embodiments, an antibody comprising an Fo variant specifically binds Ebola virus. In some
embodiments, an antibody comprising an Fc variant specifically binds HERZ. In some
embodiments, an antibody comprising an Fc variant spectfically binds GD2. In some
embodiments, an antibody comprising an Fe vanant specifically binds BCMA. In some
embodiments, an antibody comprising an Fo vanant specifically binds IL-6R. In some
embodiments, an antibody comprising an Fo variant specifically binds TROP-2. In some
embodiments, an antibody comprising an Fc variant specifically binds IGF-1R. In some
embodiments, an antibody comprising an Fe variant specifically binds CD38. In some
embodiments, an antibody coroprising an Fc vanant specifically binds Nectin-4. In some
embodiments, an antibody comprising an Fc variant specifically binds P-selectin. In some
embodiments, an antibody comprising an Fo variant specifically binds CD7%b. In some
embodiments, an antibody comprising an Fo varant specifically binds sclerostin. To some
embodiments, an antibody comprising an Fo variant specifically binds IFNgamma. In some
embodiments, an antibody comprising an Fo variant specifically binds CCR4. In some
embodiments, an antibody comprising an Fo variant specifically binds CGRP receptor. In
some emboduments, an antibody comprising an Fe variant specifically binds a receptor for
complement factor. In some embodiments, an antibody comprising an Fc vanant specifically
binds C3a receptor 1. In some embodiments, an antibody comprising an Fe variant
specifically binds CSa. In some embodiments, an antibody comprising an Fe variant
specifically binds 3. In some embodiments, an antibody comprising an Fc vanant
specifically binds C3a. In some embodiments, an antibody comprising an Fe variant

specifically binds C3b. In some embodiments, an antibody comprising an Fo variant
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specifically binds C3 receptor. In some embodiments, an antibody comprising an Fe variant

specifically binds C10.

Vectors

j3145] Further provided herein are vectors that comprise nucleotide sequences

encoding an wsolated polypeptide conmprising an Fe vanant, as described berein.

(3146} In an embodiment, the vector comprises a nucleic acid described herein. For
example, the vector can comprises a first and second nucleic acid encoding heavy and light
chain variable regions, respectively, of an antibody molecule chosen from one or more of the

antibody molecules disclosed herem.

3147} in certain embodiments, the vector comprises a nucleotide sequence encoding
an Fc variant region, or a sequence substantially homologous thereto (2.5, a sequence at least
about 85%, 90%, 95%, 99% or more identical thereto, and/or having one or more

substitutions, e.g., conserved substitutions).

[G1458] The vectors include, but are not limited to. a virus, plasmid, cosmid, lambda
phage or ayeast artificial chromosome (YA{C). Numerous vector systems can be employed.
For example, one class of vectors utilizes DNA elements which are derived from animal
viruses such as, for exaruple, bovine papilloma virus, polyoma virus, adenovirus, vaccinia
virus, baculovirus, retroviruses {Rous Sarcoma Virus, MMTV or MOMLV) or SV40 virus.
Another class of vectors utilizes RNA elements derived from RNA viruses such as Sembiki

Forest virus, Eastern Equine Encephalitis virus and Flaviviruses.

(3149} Additionally, cells which bave stably iniegrated the DNA o their
chromosomes may be selected by introducing one or more markers which allow for the
selection of transfecied host cells. The marker may provide, for example, prototropy to an
auxotrophic host, biocide resistance (e.g., antibiotics), ot resistance to heavy metals such as
copper, or the like. The selectable marker gene can be either directly hinked to the DNA
sequences to be expressed or introduced into the same cell by cotransformation. Additional
elements may also be needed for optimal synthesis of mRNA. These elements may include
splice signals, as well ag transcriptional promoters, enhancers, and ternunation signals.
[G156] Omnce the expression vector or DNA sequence containing the constructs has

been prepared for expression, the expression vectors may be transfected or introduced into an

appropriate host cell. Various techniques may be employed to achieve this, such as, for
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example, protoplast fusion, calcivm phosphate precipitation, electroporation, retroviral
transduction, viral transfection, gene gun, lipid-based transfection or other conventional
techmiques. In the case of protoplast fusion, the cells are grown in media and screened for the

appropriate activity.

{3151} Methods and conditions for culturing the resulting transfected cells and for
recovering the antibody rolecule produced are known 1o those skilled in the art and may be
varied or optinuzed depending upon the specific expression vector and mammalian bost cell

emploved, based upon the present description.

Therapeatic Use

{3152} An isolated polvpeptide comprising a Fe variant {(e.g., an antibodv) of the
present invention can be used for treatment of various diseases including but not hinuted to:
Melanoma, wAMD, DME, Esophageal squamous cell carcinoma, Tvpe 1 diabetes, non-small
hmg cancer, asthma, CNS, cervical cancer, cold agglutinin disease, syvstemic lupus
erythernatosus, psoriasis, atopte derroatiiis, endometrial cancer, bladder cancer, Ebola
infection, HER2+ breast cancer, nultiple myeloma, breast cancer, thyroid eve disease, siclde
cell disease, HIV infection, gastric cancer, anthrax infection, bone loss, Crohn disease,
ANCA-associated vasculitis, lupus, rheumatoid arthritis, inflaromatory bowel disease, C3
glomerulopathy (C3G), €3 Glomerulonephritis (C3GN), Dense Deposit Disease (DDD),
hidradenitis suppurativa (HS), atvpical hemolviic wemic svndrome, Lupus nephritis, IgA
nephropathy, mayvasthenia gravis, macular degeneration, Alzheimers Disease, Amylotrophic
Lateral Sclerosis, Huntington’s Disease, neuropathic pam, COVID-19 infection, allergic
asthma, chronic obsiructive pulmonary disease, bullous pemphigoid, pyvoderma gangrenosum,
psoriasis, Paroxyvsmal Nocturnal Hemoglobinuria with extra vascular hemolysis, acute kidney
wjury {AKD), chronic kidney disease (CKD), Geographic atrophy {GA), autoimmune

hemolvtic anemia (AIHA), and Age-related macular degeneration {AMD).

[G153] in some embodiments, the present invention provides a method of treating a
disease or disorder, said method comprising administering a therapeutically effective amount
of an 1solated polypeptide comprising an Fo variant to a subject in need of. To some
embodiments, the disease or disorder 1s ANC A-associated vasculitis. In some embodiments,

the disease or disorder is C3 glomerulopathy {C3G).
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in some embodiments, an Fo variant of the present invention can be

engineered into an antibody that specifically binds o an antigen. In some embodiments, an

Fe vanant of the present invention can be engineered indo an antibody listed in Table 3.

Table 3. Commercially available Therapeutic Antibody

Mame Target Specificity Isotype
Muromonab-CD3 CD3 Monospecific migGla
Efalizumab {Dlla Monospecific higGl
Tositumomab-1131 CD20 Monospecific mig(GZa
Nebacumab Endotoxin Monospecific hight
Edrecolomab EpCAM Monospecific wigi2a
Catumaxomab EPCAM, CD3 Bispecific migG2a/k and

rigG2b/A Hybrid
Daclizumab D25 Monospecific higGGl
Abciximab GPilb/iiia Monospecitfic hig(Gl Fab
Rifuximab CD20 Monospectfic hlgGl
Basiiximab IL-2R Monospecific higGl
Palivizumab RSV Monospectfic higGl
Infliximab TNF Monospecific higGl
Trastuzumab HER2 Monospecific higGl
Adalimurab TNF Monospecific higGl
{brituromab tuxetan | CD20 Monospecific mlgGl
Omalizumab IgE Monospecific higGl
Cetuximab EGFR Monospecific higGl
Bevacizumab VEGF Monospecific higGl
Natalizamab a4 integrin Monospecific higG4
Pantturoumab EGFR Monospecific bigG2
Ranibizumab VEGF Monospecific higG1 Fab
Eculizumab O8] Monospecific higGZ{CH1-

hingeyhlgG4(CH2-

CH3)
Certolizumab pegol TNF Monospecific hFab
Ustekinumab 1.-12/23 Monospectfic higGl
Canakinumab -1 Monospecific higGl
Golimumab TNF Monospecific higG1
Ofatunumab CD20 Monospecific higGl
Tocilizumab IL-6R Monospecific higGl
Denosumal RANK-L Monospecific hig(G2
Belimuamab BLyS Monospecific higGl
Ipilimumab CTLA-4 Monospecific higGl
Brentuximab vedotin CD30 Monospecific higGl
Perturumab HER2 Monospecific higGl
Ado-trastuzumab HER2 Monospectfic higGl
emiansine
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Raxibacumab B. anthrasis PA Monospecific higGl
Obinutuzumab CD20 Monospecitic higGl
Siltuximab H.-6 Monospecific higGl
Ramucirumab VEGFR2 Monospecitfic higGl
Vedolizumab a4f7 integrin Monospectfic hlgGl
Nivolumab PDI Monospecific higG4
Pembrolizumab P Monospecific higG4
Blinatumomab D19, CD3 Bispecific Tandem scFv
Alemtuzumab CDs2 Monospecific higGl
Evolocumab PCSK® Monospectfic hig(G2
Idarucizumab Dabigatran Monospecific higGl Fab
Necttumumab EGFR Monospecilic hlgGl
Dinutuximab GD2 Monospecific higGl
Secukimumab [L-17a Monospecific higGl
Mepolizumab IL-§ Monospectfic higGl
Alirocurnab PLCSKS Monospecific higGl
Daratumurmab CD38 Monospeaific higGl
Elotuzumab SLAME7 Monospectfic hig(Gl
Ixekizumab iL-17a Monospecific higG4
Reshizumab IL-3 Monospecific hig(G4
Olaratumab PDGFRo Monospecific higGl
Bezlotoxumab Closinidium difficile | Monospeaific higGl

enterotoxin B
Atezolizamab PD-L1 Monospecific higGl
Obilioxaximab B. anthrasis PA Monospecific higGl
Brodalumab IL-17R Monospecific higG2
Dupitumab L~-4R o Monospecific higGd
{notuzumab co22 Monospecific higG4d
oZOgamicin
Guselkumab L-23 pl9 Monospecific heGl
Sartluroab {L-6R Monospecific higGl
Avelumab PD-L Monospecific hlgGl
Emicizumab Factor Ixa, X Bispecific hig(G4
Ocrelizumab CD20 Monospecific higGl
Benralizumab H-5R o Monospecific heGl
Durvalumab PD-L1 Monospecific higGl
Gemtuzumab CD33 Monospeaific higG4
ozogamicin
Erenumal (erenumab- | CGRP receptor Monospecific higi2
aooe)
Galcanezumab CGRP Monospectfic hig(G4
{galcanezumab-gnlm)
Burosumab FGF23 Monospecific higGl
{burosumab-twza)
Lanadelumab Plasma kallikrelin Monospectific higG1
{lanadelumab-{lvo)
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Mogamuhizumab CCR4 Monospecific higGl
(mogamulizumab-
kpke)

Tildrakizuroab L-23pl19 Monospectfic higG1

{tildrakizumab-asmn)

Fremanezumab CGRP Monospectfic higG2Aa

{fremanezumab-virm)

Ravulizumab s Monospecific higG2(CH1-

(ravulizumab-cwvz} hingeyhigG4(CH2-
CH3)

Cerviplimab P31 Monospecific higG4

{cemiplimab-rwic)

{balizumab D4 Monospecific higG4

(ibalizumab-uyk}

Emapalumab IFNg Monospecific higGl

{emapalumab-lzsg)

Moxetumomab Cp2z Monospecific mwig(Gl dsFv fused with

pasudotox PE38 exotoxin

{moxetumomab

pasudotox-tdfk)

{Caplacirumab von Willebrand factor | Monospecific bivalent Nancbhody

{caplacizamab-vhdp)

Risankizumab f-23 plY Monospecific bigGl

{risankizumab-rzaa)

Polatuzumab vedotin CD79b Monospecific higGl

{polatunmab vedotin-

pHg)

Romosozumab Sclerostin Monospectfic hig(G2

{romosozumab-aqqg)

Brotucizumab VEGF-A Monospecific hscFv

{brolucizumab-dbll)

Crizanlizumab CD62 (aka P-selectin) | Monospecific higG2

{crizanlizumab-tmea)

Enfortumab vedotin Nectin-4 Monospectfic higG1

{enfortumab vedotin-

eifv)

{fan-firastuzumab HER2 Maonospecific higGl

deruxtecan, (fame

trastuzumab

deruxtecan-nxki)

Teprotumumab IGF-IR Monospecific higGl

{teprotumumab-trbw)

Eptinezumab CGRP Monospecific higGl

{eplinezumab-jimr)

Isatuximab CD38 Monospecific higGl

(isgtuximab-irfc)

Sacituzumab govitecan | TROP-2 Monospecific higGl
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Inebilizumab D19 Monospecific higGl
(inebilizumab-cdon)

Tafasitamab CDi19 Monospecific hig(G1/2 hybrid
{tafasitamab~Cxix)
Belantamab roafodotin | B-~cell maturation Monospectfic higGl
{belantamab antigen
mafodotin-blmf)
Satralizumab fL-6R Maonospecific hig(G2
(satralizumab-mwge)
Atoltivimab, Ebola virus Monospecific higGl
maftivimab, and
odesivimalb-ebgn
Naxitamab-gggk G2 Monospectfic hig(Gl
Margetusimab-cmbb HER2 Monospecific higGl
Aunsuvimab-zyk] Ebola virus Monospecific higGl
glycoprotein
Evinacumab Angiopoietin-iike 3 Monospecific higG4
Loncastuximab tesirine | CD19 Monospecific higGl/k
Dostarlimab PD-1 Monospecific higG4
Amivantamab EGFR, cMET Bispecific hip(Gl
Aducanumab Armvloid beta Monospecific higGl
Tanerumab Nerve growth factor | Monospecific hipgG2Aa
Tralokinumab iL-13 Monospecific hipgG4d
Teplizumab CD3 Monospectfic hlgGl
Narsoplimab MASP-2 Monospecific higG4
Retifanlimab PD-1 Monospecific higG4
Oportuzumab monatox | EpCAM Monospectfic hscFv fused with PE38
exotoxXin
Anifrolumab, IFNART Monospecific higGl
anifrolumab-fnia
nolimomb D25 Monospecific migGl
Bimekizamab L-17A and IL-17F Monospecific heGl
{overlapping binding
site)
Sutimlimab Cls Monospecific higG4d
Ublituxirab CD20 Monospecific hlgGl
Tisotumab vedotin, Tissue factor Monospecific hipGl
tisotumab vedotin-tiiv
Toripalimab PD-1 Monospecific higG4d
Swnttliroab -1 Monospectfic hlgG4
Tezepelumab Thymic stromal Monospecific higG2
lymphopoietin
Omburtamab B7-H3 {CD276) Monospecific higGl
Penpulimab Pl Monospectfic hig(Gt
Fartcimab VEGF-A, Ang-2 Bispeaific hig(Gl
Tebentafusp gploo, CD3 Bispecific hscFV fused with a
TCR

s
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Tislelizumab PD-1 Monospecific hig(G4
Relatlimab LAG-3 Monospecific higG4
Lecanemab Anwloid beta Monospecific higGl

protofibnis
Castrivimab + SARS-CoV-2 Monospecific higGl
imdevimab
Regdanvimab SARS-CoV-2 Monospecific higGl
Nimotuzumab EGFR Monospecific hig(Gl
frolizumab Cho6 Monospecific higGl
Rmab rabies virus G Monospecific higGl

glycoprotein
Sotrovimab SARS-CoV-2 Monospectfic
Regdanvimab SARS-CoV-2 Monospecific

EXAMPLES
[3155] Other features, objects, and advantages of the present disclosure are apparent

in the examples that follow. It should be understood, however, that the examples, while

mdicating embodiments of the present disclosure, are given by way of illustration only, not

tiroitation. Various changes and modifications within the scope of the disclosure will become

apparent to those skilled in the art from the examples.

Example 1. Generations of New Fe Mutations

[G156] Fe-Gamma receptors recognize and bind the Fe region of 1gG antibodies. This

binding modulates imumune response by triggering effector functions. In some disease

mudications it may be beneficial for a therapeutic antibody to interact with Fe-Ganvoa

receptors and enhance native Fo-Ganwna receptor activation, but for other indications it can

be detrimental. In cases where additional activation is detrimental, Fo-engineering is required

to silence the IgG Fe domain such that it cannot bind to Fe-Gamma receptors. In this

exarnple, new Fe variants were engineered, that are particularly effective in silencing the 1gG

Fe domain. Notably, the combinations of the Fe mutations of the present invention are new

and are effective in abolishing the affinity for Fe-Gamma receptors and Clg. The Fe variants

of the present invention are shown in Table 1.

Table 1. Novel Fe Variants

[ Fe | Mutations

| Subtype
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VFe7 L234F/L23SE/D265G {gGl
VFcO8 L234F/L235E/G237TA/DR6SG 128Gl
VEcO9 L234VA23SE/G3TA/DACSG {gGl
VFclo L234F/L23SE/D265G/A3308/P3318 {gGl
VF¢ll L234V/L235A/GR3TA/DIOSG {gGl
VFc¢i2 L234V/L23SA/G237TA/D26SG/A3308/P3318 1gGl
VEci3 D265G {2Gl
VEci6 L235E/D263G 10G4-5228P
VFc¢l7 F234V/L235E/D265G 1gG4-8228P
VFci8 F234V/L235A/G23TA/D265G 1gG4-8228P
VFc¢l9 L235E/G237A/D263G 10G4-5228pP
VEc20 L235E/G23TAP320G 10G4-5228P
VFc¢21 L235E/G237A/L328R 1gG4-8228P
VFc¢22 D2635G/A3308/P3318 1gG2
VF¢23 A235E/D265G/A3308/P3318 12G2
VEFc24 A235E/D265G/P329G 16G2

Example 2. Fe Variants Displaved Sigunificantly Reduced Fey Receptor and Cly Binding
6157} This example confirms that the new Fc variants shown in Table 1 successfully
abolished Fe-Gamma receptor and Clqg binding. The Fe variants were engineered into an
antibody “Ab1” and “Ab27, cach of which comprises a distinct variable domam and targets a

different artigen.

Method of Determining Fe-Gamma receptor and Clg binding

{6158} This protocol describes methods which can be used to determine the extent to
which Fe-silenced antibodies bind to Fo-Garoma receptors or Clg using biolayer
mterferometry (BL1I) on the Octet Red 384 system or ELISA. FoyRI FeyRIla H167,
FeyRlitb, FeyRIHa V176 and FeyRIHb bindings were evaluated using either NiNTA of
HISIK biosensors. In both procedures, Fo-Gamma receptors were first loaded onto
biosensors, which were then blocked with either casemn or BSA fo prevent non-specific
binding of the antibodies to any unbound ligand on the biosensor. Next, the biosensors were
introduced to antibody before being retumed to blocking buffer for a brief dissociation phase.
The resuliing binding sensogrars were used to gualitatively evaluate the strength of each
measured interaction while the maximum equilibrium binding response were used as a
guantitative readout, with maximum equilibrivum binding response being proportional to
binding affinity. Binding to Clq was measured in a similar manner, according (o known

methods 1o the art.

Results
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{6159} As shown in FEGs, 1A, all Fe vanants resulted in significantly reduced
binding to the FoyRI, FoyRlIla, and FoyRITb as compared to their counterpart wild-tvpe [gG
isotype. Notably, for both Abl and Ab2, the Fe region of any one of vFc07-vFel2 and
vFc16-vFe24 did not bind to FoyRY, FoyRlEa and FeyRilb. It was also notable that a single
mutation D265G was able to significantly reduce FeyRI, FeyRila, and FeyRIIb binding
{compare vFel3 ve [gGl WT in FIGs, 1A-). Additionally, all Fo vanants resulted in
significantly reduced binding to the Clq. as compared to their counterpart wild-type IgG

isotype (FEG. 1D), regardless of the vanable region {(Abl or Ab2).

Example 3. Further Validation of Twe Fe Vavianis in Reducing Fey Receptor and Clyg
Binding

{2160} This example validates that the Fc variants of the present invention
successfully abolished Fo-Gamma receptor and Clg binding. In this particudar example, 2 Fe
variants, vFcl0 and vEcl7 were used in the experiments. vFcl0 conmprises
L234F/L235E/D265G/A3308/P331S mutations in fg(3] isotype, and vFcl7 comprises
F234V/L235E/D265G mutations in the 1gG4-S228P isotype. (8228P mudation reduces Fab-
arm exchange by stabilizing the disulfides in the core-hinge of the 1gG molecule) These two
Fe varants were each engineered into an antibody “Ab1”. The engineered antibodies were
tested for binding to FeyRY, FeyRila, FoyRIb, FeyRilla, FeyRIHb, and Clg by methods

described in Example 2.

[¢161] A magjor shortconung of antibodies 1s their demanding production
requirements {Garber, 2001, Nat Biotechnol 19:184-185; Dove, 2002, Nat Biotechnol
20:777-779, mcorporated by reference). It is therefore important that the engineerad
antibodies are not limited by expression and pwrification vield. Wild-tvpe IgG1, wild-ivpe
1G4, vFel0 or vFel7 Fe regions engineered into an antibody Abl were expressed 1o media
according to methods known in the art, and the expression yield was measured. As shown in
FIG. 24, both antibodies with vFc10 or vFel7 Fo vartants produced high yields, with
significantly higher vield than the wild-type 1gG1 antibody. and comparable or igher yield
than the wild type 1G4 antibody. As one of ordinary skill in the art would appreciate,
protein A interacts with the Fc portion of the immunoglobulins. Therefore Octet experiment
was performed to check that the mutations introduced in the Fe vartants do not alter protein A

hinding properties. ¥1G. 2B shows that the Fe variants display the simnilar binding as the
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wild-type 121 or [9G4, llustrating that the mutations do not alter the protein A binding

properties.

6152} As shown FIG. 3A, both vFcl0 and vFel7 abolished FoyRI binding to nearly
baseline levels when paired with the antibody. Similarly, both vFei0 and vFc17 abolished
FcyRHa, FeyRlilb, FeyRIa, and FeyRiib binding to nearly baseline levels (FIG, 3B-3C).
Ig(G4 have short hinge and low Fab arm flexibility which partially shields it from binding to
Clq. FIG. 3D shows that neither vFel0 nor vFel7 introduced Clq binding when patred with
Abl.

{6163} Overall, the data in this example shows that the two Fe variants tested showed
abolished binding to all FeyRI, FoyRITa, FoyRHb, FoyRIHa, FovRIHD, and Clq when paired

with a variable region of an andibody.

Example 4. Fe Variants Displayed Significansly Reduced ADCC, ADCE, and CBC
Induction

(G164} Antibodies of the 1gG sub-class are bi-functional molecules, possessing a
F{ab} domain, variable in sequence and responsible for the binding of antigen, and an F¢
domain, constant 1 sequence and responsible for mediating a range of antibody effector
functions. These functions are prisvarily triggered through mteraction with the coroplement
component Clq or with a family of FoyRs expressed, primarily, on the surface of leukocytes.
Fc gamma receplors {FeyRs) trigger cell-mediated evtotoxic effector functions such as
antibody dependent celhdar eytotoxicity (ADCCT), phagocytosis (ADCP), and complement-

dependent cytotoxicity (CDC).

[G165] Antibody dependent cellular cytotoxicity (ADCC) 15 an Fe-dependent effector
function of 1gG important for anti-viral imemunity and anti-tumor therapies. NK-call mediated
ADCC 1s mainly triggered through the IgG-Fe-receptor (FeyR) Hfa. Phagocevtic cells,
including monocytes, macrophages, neutrophils, eosinophils and dendritic cells (BCs),
express FoyRE FoyRIL, and FeaR1E, which can all mediate immune complex upiake. ADCP
results in the clearance of immune complexes from the infected host, by trafficking of the
complexes to lvsosomes for degradation and antigen processing for presentation on Major
Histocompatibility Complex (MHCY-molecules on the cell surface. Interestingly, some
viruses have exploited this mechanism fo infect phagocytes by escaping from lysosomal

degradation (described below in “Antibody-dependent enhancement of infection™).



WO 2023/081160 PCT/US2022/048609

{6166} This example shows that the Fc variants of the present invention, which were
able to abolish binding to FeyRI, FeyRlIla, FoyRilb, FeyRIHa, FeyRitb, and Clg, have
reduced ADCC, ADCP, and CDC function.

{3167} In this particular example, 2 Fe vanants, vFel0 and vFel7 were used in the
experiments. vFcl( comprises L234F/L235E/D265G/A3308/P3318 mutations in IgGl
isotype, and vFel7 comprises F234V/L235E/D265G mutations in the [gG4-8S228P isotype.
These two Fe variants were each engineered into an antibody “Abl1”. The amount of ADCC,

ADCP, and CDC induction was measured against the antibody concentration.

{61638} FIG. 4A shows that VFc10 and VF¢17 maintained low ADCC as compared to
the wild type 1gG1 antibody. Simlarly, VFcl0 and VFel7 mantained low ADCP and CDC
as compared to a wild-tvpe 1gG1 antibody (FYG. 4B and FIG. 4C).

13169 Overall, the data in this example shows that Fc variants of the present
invention abolished binding to all FeyRE FeyRlla, FoyRlilb, FoyRilla, FeyRiHb, and Clg, and
effectively reduced ADCC, ADCP, and CBC functions.

EQUIVALENTS AND SCOPE
{2176} Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the disclosure
described herein. The scope of the present disclosure 18 not intended to be hinuted to the

above description, but rather s as set forth in the following claims:

44



WO 2023/081160 PCT/US2022/048609

CLAIMS

An isolated polypeptide comprising an Fe variant of a wild-type human Ig( Fc region, said
Fc vanant comprising an amino acid substituiions at positions 235 and 265, wherein the
amino acid at 265 is substituted to Gly, wherein the residues are numbered according to the

EU mndex.

The isolated polypeptide of claim 1, wheretn the Fe variant further comprises one or more

amino acid substitutions at 234, 237, 329, 330, or 331,

An isolated polypeptide comprising an Fe variant of a wild-type human IgG Fe region, said
Fo variant comprising an amino acid substitutions at positions 234 and 265, wherein the
anuno acid at 234 1s substituted to Val, wherein the residues are numbered according to the

EU index.

An tsolated polypeptide comprising an Fe variant of a wild-type human 1gG4 Fe region, said
Fe variant comprising an amino acid substitutions at positions F234, 1235, and D265,

wherein the residues are numbered according to the EU index.

A isolated polypeptide coroprising av Fe varant of a wild-type human IgG Fe region, said
Fe variant comprising an amino acid substitutions of 234V, L235E, and D263, wherein the

residues are numbered according to the EU index.

The isolated polypeptide of claim 3, wherein the Fc variant is IgG4 Fe region and comprises

amino acid substitutions of $228P, F234V, L235E, and D265

An isolated polypeptide coroprising an Fe varnant of a wild-type human 1gG Fc region, said
Fe variant comprising an anuno acid substitutions of 234F, L235E, and D265G, wherein the

residues are numbered according o the EU index.

The isolated polypeptide of claim 7. wherein the Fc variant is IgG1 Fe region and comprises

amino acid substitutions of L234F, L235E, and D265G.

S
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©

10.

1L

12.

13.

14.

16.

An isolated polypeptide comprising an Fe variant of a wild-type human 1gG Fe region, said
Fe variant comprising an amino acid substitutions of 234F, L235E, G237A, and D265G,

wherein the residues are numbered according to the EU index.

The isolated polypeptide of claim 9, wherein the Fe variant is IgG1 Fe region and comprises

amino acid substituiions of L234F, L235E, G237A, and D265G.

An isolated polypeptide comprising an F¢ variant of a wild-type human 1gG F¢ region, said
Fe vanant comprising an amino acid substitutions of 234V, L235E, G237A, and D265G,

wherein the residues are numbered according to the EU index.

The isolated polypeptide of claim 11, wherein the Fc vanant is IgG1 Fc region and comprises

amino acid substituiions of 1234V, L235E, G237A, and D265G.

An isolated polypeptide comprising an Fe variant of a wild-type human 1gG Fe region, said
Fe vanant comprising an amino acid substitutions of 234F, L235E, D265, A3308S, and

P3318, wheren the residues are numbered according 1o the EU index.

The isolated polypeptide of claim I3, wherein the Fc variant is IgG1 Fe region and comprises
amuno acid subsiituiions of 234F, L23SE, D265, A3308, and P3318.

3. An isclated polypeptide cormprising an Fe variant of a wild-type human 1gG Fc region, said

Fe vanant comprising an amino acid substitutions of 234V, L2354, G2374, and D265G,

wherein the residues are numbered according to the EU index.

The isolated polypeptide of claim 15, wherein the Fc vanant is Ig31 Fc region and comprises

amino acid substituiions of 1234V, L235A, G237 A, and D265G.

7. The isolated polypeptide of claim 15, wherein the Fc variant 1s IgG4 Fe region and comprises

amino acid substitutions of S228P, 1234V, L2354, G2374A, and D26SG.

. An isolated polypeptide comprising an Fe variant of a wild-type human g Fc region, said

Fc variant comprising an amino acid substitutions of 234V, L235A, G237A, D265G, A33085,

and P3318 wherein the residues are runmbered according to the EU index.
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19,

20.

21

22,

23.

24.

26.

The isolated polypeptide of claim 18, wherein the Fe variant is IgG1 Fe region and comprises

arnino acid substitutions of L234V, L233A, G237A, D265G, A3308, and P3315.

An isolated polypeptide comprising an Fe variant of & wild-type human Ig( Fe region, said
Fe variant comprising an amino acid substitutions of L235E and D265G, wherein the residues

are numbered according to the EU index.

The isolated polypeptide of claim 20, wherein the Fe variant is IgG4 Fe region and comprises

amino geid substitutions of S228P, L23SE and D26SG.

An isolated polypeptide comprising an Fe variant of a wild-type human Ig( Fe region, said
Fe variant comprising an amino acid substitutions of L235E, G237A, and D26SG, wherein

the residues are numbered according to the EU index.

The isolated polypeptide of claim 22, wherein the Fe variant is fgG4 Fe region and comprises

amino acid substitutions of 8228P, L.235F, G2374A, and D263G.

An isolated polypeptide comprising an Fe variant of a wild-type human IgG Fc region, said
Fe variant comprising an amino acid substitutions of L235E, G2Z37A, and P329G, wherein the

residues are numbered according to the EU index,

. The isolated polypeptide of claim 24, wherein the Fc variant is IgG4 Fe region and comprises

amino acid substitutions of S228P, L2338, G237A, and P329G.

An isolated polypeptide comprising an Fe variant of a wild-type human Ig( Fe region, said
F¢ variant comprising an amino acid substitutions of L235E, G237A, and L328R, wherein the

residues are nurnbered according to the EU index.

. The isolated polypeptide of claim 26, wherein the Fe variant 1s fgG4 Fe region and comprises

amino acid substitutions of 8228P, L.233E, G237A, and L328R.
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28

29.

30.

3
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(52
(52

34.
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An isolated polypeptide comprising an Fc variant of a wild-type human IgG Fc region, said
Fe variant comprising an amino acid substitutions of D265G, A3308, and P3318, wherein the

residues are numbered according to the EU index.

The isolated polypeptide of claim 28, wherein the Fc vanant is IgG2 Fc region and comprises

amino acid substitutions of D265G, A3308, and P3318.

An isplated polypeptide comprising an Fc variant of a wild-type human 1gG Fc region, said
Fe variant comprising an amino acid substitutions of 235E, D265G, A3308, and P3315,

wherein the residues are numbered according to the EU mdex.

. The isolated polypeptide of claim 30, wherein the Fc vanant is Ig(32 Fc region and comprises

amine acid substitutions of AZ35E, D265G, A3308, and P3318S.

. An isolated polypeptide comprising an Fe variant of a wild-type human 1gG Fe region, said

Fc variant comprising an amino acid substitutions of 235E, D265G, and P329G, wherein the

residues are numbered according to the EU index.

3. The isolated polypeptide of claim 32, wherein the Fc variant is Ig(G2 Fc region and comprises

amino acid substitutions of A235E, D265G, and PA29G.

An isolated polypeptide comprising an Fc variant of a wild-type human 1gG Fc region, said
Fe variant comprising an amino acid substitution of D265G and one or more amino acid

substitutions, wherein the residues are numbered according to the EU index.

. The isolated polypeptide of claim 34, wherein the one or more amino acid substitutions are at

234, 235, 237, 330, 331. 329, and/or 328

36. A nucleic acid encoding an isolated polvpeptide of any one of the preceding claims.

37. A cell conmprising the nucleic acid of claim 36.

38. A method of making an isolated polypeptide of anv one of claims 1-35, said method

comprising; culturing a host cell comprising a nucleic acid encoding the antibody or antigen
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binding fragment thereof, an culturing the cell under conditions that allow production of the

antibody or antigen binding fragment thereof.

39, A method of treating a disease or disorder by administering a therapeutically effective

amnount of an isolated polypeptide of any one of claims 1-35.
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