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TTTLE OF THE INVENTION
METHOD FOR PREPARING ANTIBODIES HAVING IMPROVED PROPERTIES

FIELD OF THE INVENTION
The present invention is directed to methods and compositions for the production
of glycosylated proteins (glycoproteins) and, specifically, Fc-containing polypeptides which are

useful as human or animal therapeutic agents.

BACKGROUND OF THE INVENTION

Monoclonal antibodies often achieve their therapeutic benefit through two binding
events. First, the vaniable domain of the antibody binds a specific protein on a target cell, for
example, CD20 on the surface of cancer cells. This is followed by recruitment of effector cells
such as natural killer (NK) cells that bind to the constant region (Fc¢) of the antibody and destroy
cells to which the antibody is bound. This process, known as antibody-dependent cell
cytotoxicity (ADCC), depends on a specific N-glycosylation event at Asn 297 in the Fc domain
of the heavy chain of IgGls, Rothman et al., Mol. Immunol. 26: 1113-1123 (1989). Antibodies
that lack this N-glycosylation structure still bind antigen but cannot mediate ADCC, apparently

as a result of reduced affinity of the Fc domain of the antibody for the Fc Receptor FeyRIlla on
the surface of NK cells.

The presence of N-glycosylation not only plays a role in the effector function of
an antibody, the particular composition of the N-linked oligosaccharide is also important for its
end function. The lack of fucose or the presence of bisecting N-acetyl glucosamine has been

positively correlated with the potency of the ADCC, Rothman (1989), Umana et al., Nat.

-----

the Fc region 1s positively correlated with the anti-inflammatory properties of intravenous
immunoglobulin (IVIG). See, e.g., Kaneko et al., Science, 313: 670-673, 2006; Nimmerjahn and

Ravetch., J. Exp. Med., 204: 11-15, 2007,
(ziven the utility of specific N-glycosylation in the function and potency of

antibodies, a method for modifying the composition of N-linked oligosaccharides and modifying

the effector function of anfibodies would be desirable.
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Yeast and other fungal hosts are important production platforms for the generation
of recombinant proteins. Yeasts are eukaryotes and, therefore, share common evolutionary
processes with higher eukaryotes, including many of the post-translational modifications that
occur in the secretory pathway. Recent advances in glycoengineering have resulted in cell lines
of the yeast strain Pichia pastoris with geneticaliy modified glycosylation pathways that allow
them to carry out a sequence of enzymatic reactions, which mimic the process of glycosylation in
humans. See, for example, US Pat. Nos. 7,029,872, 7,326,681 and 7,449,308 that describe
methods for producing a recombinant glycoprotein in a lower eukaryote host cell that are
substantially identical to their human counterparts. Human-like sialylated bi-antennary complex
N-linked glycans like those produced in Pichia pastoris from the aforesaid methods have
demonstrated utility for the production of therapeutic glycoproteins. Thus, a method for further
modifying or improving the production of antibodies in yeasts such as Pichia pastoris would be

desirable.

SUMMARY OF THE INVENTION

The invention relates to an Fe-containing polypeptide comprising mutations at
amino acid positions 243 and 264 of the Fc region, wherein the mutations at positions 243 are
selected from the group consisting of: F243A, F243G, F2438, F243T, F243V, F243L, F2431,
F243D, F243Y, F243E, F243R, F243W and F243K and the mutations at position 264 are
selected from the group consisting of: V264A, V264G, V26485, V264T, V264D, V264E, V264K,
V264W, V264H, V264P, V264N, V264Q and V264L, wherein the numbering is according to the
EU index as in Kabat. In another embodiment, the Fc-containing polypeptide comprises
mutations F243A and V264A. In another embodiment, the Fc-containing polypeptide comprises
mutations F243Y and V264G. In another embodiment, the Fc-containing polypeptide comprises
mutations F243T and V264G. In another embodiment, the Fe-containing polypeptide comprises
mutations F243L and V264A. In another embodiment, the Fc-containing polypeptide comprises
mutations F243L and V264N. In another embodiment, the Fc-containing polypeptide comprises
mutations F243V and V264G. In one embodiment, the Fc-containing polypeptide of the
invention is an antibody or an antibody fragment. In one embodiment, the IFc-containing
polypeptide of the invention is an antibody fragment comprising SEQ 1D NO:18. In another

embodiment, the Fc-containing polypeptide of the invention is an antibody fragment comprising
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SEQ ID NO:19. In another embodiment, the Fc-containing polypeptide of the invention is an
antibody fragment consisting (or consisting essentially of) SEQ ID NO:18 or SEQ 1D NO:19.

In one embodiment, the Fc-containing polypeptide is an antibody comprising the
heavy chain amino acid sequence of SEQ ID NO:9 or a variant thereof, and the light chain amino
acid sequence of SEQ ID NO:2 or a variant thereof. In one efnbodiment, the the Fc-containing
polypeptide is an antibody comprising the heavy chain amino acid sequence of SEQ 1D NO:9
minus the last lysine (K) residue listed in SEQ ID NO:9Y.

In one embodiment, the Fc-containing polypeptide is an antibody comprising the
heavy chain amino acid sequence of SEQ ID NO:12 or a variant thereof, and the light chain
amino acid sequence of SEQ ID NO:11 or a variant thereof,

In one embodiment, the Fe-containing polypeptide is an antibody comprising the
heavy chain amino acid sequence of SEQ ID NO:15 or a variant thereof, and the light chain
amino acid sequence of SEQ ID NO:14 or a variant thereof.

In some embodiments, the Fc-containing polypeptides of the invention comprise
N-glycans comprising sialic acid (including NANA, NGNA, and analogs and derivatives
thereof). In one embodiment, the Fc-containing polypeptides of the invention comprise a
mixture of 0-2,3 and 0-2,6 linked sialic acid. In another embodiment, the Fc-contaning
polypeptides of the invention comprise only a -2,6 linked sialic acid. In one embodiment, the Fc-
contaning polypeptides of the invention comprise a -2,6 linked sialic acid and comprise no
detectable level of @-2,3 linked sialic acid. In one embodiment, the sialic acid 1s N-
acetylneuraminic acid (NANA) or N-glycolylneuraminic acid (NGNA) or a mixture thereof. In
another embodiment, the sialic acid is an analog or derivative of NANA or NGNA with
acetylation at position 9 on the sialic acid. In one embodiment, the N-glycans on the Fc-
containing polypeptides of the invention comprise NANA and no NGNA.

The N-glycans on the Fc-containing polypeptides of the invention can optionally
comprise fucose. In one embodiment, the N-glycans on the Fc-containing polypeptides will
comprise a mixture of fucosylated and non-fucosylated N-glycans. In another embodiment, the
N-glycans on the Fe-containing polypeptides lack fucose.

In one embodiment, the Fc-containing polypeptide of the invention has one or
more of the following properties when compared to a parent Fc-containing polypeptide: (1)
reduced effector function; (i1) increased anti-inflammatory properties; (i11) increased sialylation;

(iv) increased bioavailability (absorption or exposure), and (v) reduced binding to FeyRI,

-3 .
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FeyRHa, FeyRlIlb, FeyRIlla (FeyRIIIa-V138 or FeyRl1la-F158), and FeyRIIlb. In one
embodiment, the Fc-containing polypeptide of the invention has at leasta 7, 10, 15, 30, 50, 100,
500 or 1000 fold reduction in effector function compared to a parent Fe-containing polypeptide.
In one embodiment, the effector function is ADCC. In another embodiment, the effector
function is CDC.

In one embodiment, the Fc-containing polypeptide of the invention has reduced
ADCC activity when compared to a parent Fc-containing polypeptide. In one embodiment, the
Fe-containing polypeptide has at least a 7, 10, 15, 30, 50 100, 500 or 1000 fold reduction in
ADCC activity. In another embodiment, the Fc-containing polypeptide has at least a 100 fold
reduction in ADCC activity. In another embodiment, the Fc-containing polypeptide has at least a
500 fold reduction in ADCC activity. In another embodiment, the Fc-containing polypeptide has
at least a 1000 fold reduction in ADCC activity.

In another embodiment, the Fc-containing polypeptide of the invention has
reduced CDC activity when compared to a parent Fc-containing polypeptide. In one
embodiment, the Fc-containing polypeptide has at least 100 fold reduction in CDC activity.

[n one embodiment, the Fc-containing polypeptide of the invention binds FeyRI,
FeyRlla, FeyRIIb, FeyRIIa (FeyRIa-V 158 or FeyRIlla-F158), and FeyRIIIb with reduced
affinity when compared to a parent Fe-containing polypeptide. In one embodiment, an Fc-
containing polypeptide of the invention binds FcyRIla with a reduced affinity of at least 50 fold
when compared to a parent Fc-containing polypeptide. In one embodiment, the Fc-containing

polypeptide of the invention binds FcyRIIb with a reduced affinity of at least 20 fold when

- compared to a parent Fe-containing polypeptide. In one embodiment, the Fe-containing

polypeptide of the invention binds FcyRIIla LF with a reduced affinity of at least 10 fold when
compared to a parent Fc-containing polypeptide. In one embodiment, the Fc-containing
polypeptide of the invention binds FeyRIlla LV with a reduced affinity of at least 1, 2 or 10 fold
when compared to a parent Fe-containing polypeptide. In one embodiment, the Fc-containing
polypeptide of the invention binds FcyRIlb, FeyRIlla LF and FeyRIlla LV with a reduced affinity
when compared to a parent Fc-containing polypeptide.

In one embodiment, the Fc-containing polypeptide of the invention has increased
anti-inflammatory properties compared to a parent Fc-containing polypeptide.

In one embodiment, the Fc-containing polypeptide of the invention has increased

bioavailability (absorption or exposure) when injected parenterally compared to a parent Fc-

-4 -
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containing polypeptide. In one embodiment, the Fc-containing polypeptide of the invention has
increased bioavailability (absorption or exposure) when injected subcutaneously compared to a
parent Fe-containing polypeptide.

In a one embodiment, the parent Fc-containing polypeptide comprises a nattve Fc
region. In another embodiment, the parent Fc-containing polypeptide comprises a F243A
mutation. In another embodiment, the parent Fc-containing polypeptide comprises a V264A

mutation.

The invention also comprises a method for producing an Fc-containing
polypeptide in a host cell comprising: (i) providing a host cell that has been genetically
engineered to produce an Fe-containing polypeptide, wherein the host cell comprises a nucleic
acid encoding mutations at amino acid positions 243 and 264 of the Fc¢ region, wherein the
mutations at positions 243 are selected from the group consisting of: F243A, F243G, F2435,
F243T, F243V, F243L, F243], F243D, F243Y', F243E, F243R, F243W and F243K and the
mutations at position 264 are selected from the group consisting of: V264A, V264G, V2645,
V264T, V264D, V264E, V264K, V264W, V264H, V264P, V264N, V264Q and V264L, wherem
the numbering is according to the EU index as in Kabat; (ii) culturing the host cell under
conditions which cause expression of the Fc-containing polypeptide; and (ii1) isolating the Fc-
containing polypeptide from the host cell. In one embodiment, the nucleic acid encodes the
mutations F243 A and V264A. In another embodiment, the nucleic acid encodes the mutations
F243Y and V264G, In another embodiment, the nucleic acid encodes the mutations 243T and
V264G. In another embodiment, the nucleic acid encodes the mutations F243L and V264A. In
another embodiment, the nucleic acid encodes the mutations F243L and V264N, In another
embodiment, the nucleic acid encodes the mutations F243V and V264G. In one embodiment,
the Fe-containing polypeptide of the invention is an antibody or an antibody fragment. In one
embodiment, the Fc-containing polypeptide is an antibody fragment comprising SEQ ID NO:18.
In another embodiment, the Fc-containing polypeptide is an antibody fragment comprising SEQ
ID NO:19. In another embodiment, the Fc-containing polypeptide is an antibody fragment
consisting (or consisting essentially of) SEQ ID NO:18 or SEQ ID NO:19.

In one embodiment, the method for producing an Fc-containing polypeptide 1s
carried out in a mammalian cell. In another embodiment, the method for producing an Fe-

containing polypeptide is carried out in a plant cell. In another embodiment, the method for

_5 .
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producing an Fe-containing polypeptide is carried out in bacteria. In another embodiment, the
method for producing an Fc-containing polypeptide is carried out in an insect cell. In another
embodiment, the method for producing an Fc-containing polypeptide 1s carried out in a lower
eukaryotic cell. In another embodiment, the method for producing an Fe-containing polypeptide
is carried out in a yeast cell. In one embodiment, the method for producing an Fe-containing
polypeptide is carried out in Pichia pastoris.

In one embodiment, the Fc-containing polypeptide produced by the claimed
method comprises N-glycans comprising sialic acid (including NANA, NGNA, and analogs and
derivatives thereof). In one embodiment, the Fc-containing polypeptide produced by the claimed
method has an N-glycan composition in which at least 40 mole %, 70 mole % or 90 mole % of

the N-glycans on the Fe-containing polypeptide are sialylated (have a structure selected from
SA(1-4)Gal(1-4)GleNAc(2-4)Man3 GleNAc or SAGalGicNAcMan5GleNAc). In one

embodiment, least 47 mole % of the N-glycans on the antibodies have the structure

SA»GalrGleNAcyMan3GleNAc2. In another embodiment, least 47 mole % of the N-glycans on
the antibodies have the structure NANA~»GalyGleNAcoMan3GleNAc). In another embodiment,

least 66 mole % of the N-glycans on the antibodies have the structure

SA»GalyGleNAcyMan3GleNAc2, In another embodiment, least 66 mole % of the N-glycans on
the antibodies have the structure NANAzG&lgGlcNACQMan?, GIcNAc¢? In one embodiment, the

Fc-containing polypeptides produced by the claimed method comprise a mixture of ¢-2,3 and o-
2,6 linked sialic acid. In another embodiment, the Fc-contaning polypeptides comprise only ¢ -
2,6 linked sialic acid. In one embodiment, the chcontahing polypeptides of the invention
comprise o -2,6 linked sialic acid and comprise no detectable level of a-2,3 linked sialic acid. In
one embodiment, the sialic acid is N-acetylneuraminic acid (NANA) or N-glycolylneuraminic
acid (NGNA) or a mixture thereof. In another embodiment, the sialic acid 1s an analog or
derivative of NANA or NGNA with acetylation at position 9 on the sialic acid. In one
embodiment, the N-glycans on the Fc-containing poiypeptides produced by the claimed method
comprise NANA and no NGNA.

The N-glycans on the Fc-containing polypeptides produced by the claimed
method can optionally comprise fucose. In one embodiment, the N-glycans on the Fc-containing
polypeptides produced by the claimed method comprise a mixture of fucosylated and non-
fucosylated N-glycans, In one embodiment, the N-glycans on the Fc-containing polypeptides

produced by the claimed method lack fucose.
-6 -
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In one embodiment, the Fc-containing polypeptide produced by the claimed
method has an N-glycan composition in which the amount and percentage of total sialylated N-
elycans is increased relative to a parent Fc-containing polypeptide.

In some embodiments, the Fc-containing polypeptide produced by the claimed
method has one or more of the following properties when compared to a parent Fe-containing
polypeptide: (i) reduced effector function; (ii) increased anti-inflammatory properties; (iii)
increased sialylation; (iv) increased bioavailability (absorption or exposure), and (v) reduced
binding to FeyRI, FeyRlIla, FeyRIIb and FeyRIlla. In one embodiment, the Fe-containing
polypeptide of the invention has at least a 7, 10, 15, 30, 50, 100, 500 or 1000 fold reduction in
effector function relative to a parent Fc-containing polypeptide. In one embodiment, the effector
function is ADCC. In another embodiment, the effector function is CDC.

In one embodiment, the Fc-containing polypeptide of the imvention has reduced
ADCC activity when compared to a parent Fc-containing polypeptide. In one embodiment, the
Fc-containing polypeptide has at least a 7, 10, 15, 30, 50 100, 500 or 1000 fold reduction 1n
ADCC activity. In another embodiment, the Fc-containing polypeptide has at least a 100 fold
reduction in ADCC activity., In another embodiment, the Fc-containing polypeptide has at least a
500 fold reduction in ADCC activity. In another embodiment, the Fc-containing polypeptide has
at Ieast a 1000 fold reduction in ADCC activity.

In another embodiment, the Fc-containing polypeptide produced by the claimed
method has reduced CDC activity when compared to a parent Fc-containing polypeptide. In one
embodiment, the Fc-containing polypeptide has at least 100 fold reduction in CDC activity.

In one embodiment, the Fc-containing polypeptide produced by the claimed
method binds FevRI, FeyRlIla, FeyRIlb, FeyRlIIla (FeyRilla-V158 or FeyRIIla-F158), and FeyRIIb
with reduced affinity when compared to a parent Fc-containing polypeptide. In one embodiment,
the Fe-containing polypeptide of the invention binds FeyRIla with a reduced atfimity of at least
50 fold when compared to a parent Fc-containing polypeptide. In one embodiment, the Fc-
containing polypeptide of the invention binds FcyRIIb with a reduced affinity of at least 20 fold
when compared to a parent Fc-containing polypeptide. In one embodiment, the FFc-containing
polypeptide of the invention binds FeyRlIlla LF with a reduced affinity of at least 10 fold when
compared to a parent Fc-containing polypeptide. In one embodiment, the I'c-containing
polypeptide of the invention binds FcyRIa LV with a reduced affinity of at least 1, 2 or 10 fold

when compared to a parent Fc-containing polypeptide. In one embodiment, the Fe-containing

-7
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polypeptide of the invention binds FcyRIIb, FeyRIHa LF and FeyRlIlla LV with a reduced affinity
when compared to a parent Fc-containing polypeptide.

In one embodiment, the Fc-containing polypeptide produced by the claimed
method has increased anti-inflammatory properties relative to a parent Fe-containing polypeptide.

In one embodiment, the Fc-containing polypeptide produced by the claimed
method has increased bioavailability (absorption or exposure) when injected parenterally
compared to a parent Fc-containing polypeptide. In one embodiment, the Fc-contaming
polypeptide produced by the claimed method has increased biocavailability (absorption or
exposure) when injected subcutaneously compared to a parent Fe-containing polypeptide.

In a one embodiment, the parent Fc-containing polypeptide comprises a native Fc
region. In another embodiment, the parent Fc-containing polypeptide comprises a F243A
mutation. In another embodiment, the parent Fc-containing polypeptide comprises a V264 A

mutation.

The invention also comprises a method of reducing the effector function of an Fc-
containing polypeptide, comprising introducing mutations at positions 243 and 264 of a parent
Fe-contaning polypeptide, wherein said Fc containihg polypeptide has decreased effector
function when compared to the parent Fc-containing polypeptide, wherein the numbering i1s
according to the EU index as in Kabat. In a one embodiment, the Fe-containing polypeptide
comprises mutations F243A and V264A. In another embodiment, the nucleic acid encodes the
mutations F243Y and V264QG. In another embodiment, the nucleic acid encodes the mutations
243T and V264G, In another embodiment, the nucleic acid encodes the mutations F2431. and
V264A. In another embodiment, the nucleic acid encodes the mutations F243L and V264N. In
another embodiment, the nucleic acid encodes the mutations F243V and V264G, In one
embodiment, the effector function is ADCC. In another embodiment, the effector function is
CDC. In one embodiment, the Fc-containing polypeptide of the invention 1s an antibody or an
antibody fragment. In one embodiment, the Fc-containing polypeptide is an antibody fragment
comprising SEQ ID NO:18. In another embodiment, the Fc-containing polypeptide is an
antibody fragment comprising SEQ ID NO:19. In another embodiment, the Fc-containing
polypeptide is an antibody fragment consisting (or consisting essentially of) SEQ ID NO:18 or
SEQ ID NO:19. In a one embodiment, the parent Fc-contaiming polypeptide comprises a native

Fc region. In another embodiment, the parent Fc-containing polypeptide comprises a F243A

_8 -
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mutation. In another embodiment, the parent Fc-containing polypeptide comprises a V264A

mutation.

The invention also comprises a method of increasing the anti-inflammatory
properties of an Fe-containing polypeptide, comprising introducing mutations at positions 243
and 264 of a parent Fc-contaning polypeptide, wherein the numbering is according to the EU
index as in Kabat, wherein said Fc containing polypeptide has increased anti-inflammatory
activity when compared to a parent Fc-containing polypeptide. In a one embodiment, the Fc-
containing polypeptide comprises mutations F243A and V264A. In another embodiment, the Fc-
containing polypeptide comprises mutations F243Y and V264G. In another embodiment, the Fe-
containing polypeptide comprises'mutations 243T and V264G. In another embodiment, the Fc-
containing polypeptide comprises mutations F243L and V264A. In another embodiment, the Fc-
containing polypeptide comprises mutations F243L and V264N. In another embodiment, the Fc-
containing polypeptide comprises mutations F243V and V264G. In one embodiment, the Fc-
contalning polypeptidé of the invention is an antibody or an antibody fragment. In one
embodiment, the Fc-containing polypeptide is an antibody or antigen binding fragment thereof
that binds to an antigen selected from the group consisting of: TNF-a, IL-1, IL-2, IL-4, IL-5, 1L~
6, IL-8, IL-9, IL-10, [L-12, TL-15, IL-17, IL-18, IL-20, IL-21, IL-22, IL-23, I1-23R, IL-25, IL-27,
11.-33, CD2, CD4, CD11A, CD14, CD18, CDI19, CD23, CD25, CD40, CD40L, CD20, CDS52,
CD64, CD80, CD147, CD200, CD200R, TSLP, TSLPR, PD-1, PDL1, CTLA4, VLA-4, VEGEF,
PCSK?9, u4p7-integrin, E-selectin, Fact II, ICAM-3, betaZ-integrin, IFNy, C5, CBL, LCAT, CR3,
MDL-1, GITR, ADDL, CGRP, TRKA, IGF1R, RANKL, GTC, or the receptor for any of the
above mentioned molecules. In a one embodiment, the Fc-containing polypeptide will bind to
TNF-a. In another embodiment, the Fc-confaining polypeptide will bind to Her2. In another
embodiment, the Fc-containing polypeptide wﬂi bind to PCSK?9. In one embodiment, the Fc-
containing polypeptide of the invention is an antibody fragment comprising SEQ ID NO:18. In
another embodiment, the Fe-containing polypeptide of the invention 18 an antibody fragment
comprising SEQ ID NO:19. In another embodiment, the Fc-containing polypeptide of the
invention is an antibody fragment consisting (or consisting essentially of) SEQ ID NO:18 or SEQ
ID NO:19. In one embodiment, the parent Fc-containing polypeptide comprises a native Fc

region. In another embodiment, the parent Fc-containing polypeptide comprises a F243A
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mutation. In another embodiment, the parent Fc-containing polypeptide comprises a V264A

muiation.

The invention also comprises a method of increasing the anti-inflammatory
properties of an Fe-containing polypeptide comprising: selecting a parent Fc-containing
polypeptide that is useful in treating inflammation (for example, an antibody or immunoadhesin
that binds to an antigen that is involved in inflammation) and introducing mutations at positions
243 and 264 of the Fc-region, wherein the numbering is according to the EU index as in Kabat,
wherein the Fe-containing polypeptide has increased anti-inflammatory activity when compared
to the parent Fe-containing polypeptide. In a one embodiment, the Fe-containing polypeptide
comprises mutations F243A and V264A. In another embodiment, the Fe-containing polypeptide
comprises mutations F243Y and V264G. In another embodiment, the Fc-containing polypeptide
comprises mutations 243T and V264G. In another embodiment, the Fe-containing polypeptide
comprises mutations F2431, and V264A. In another embodiment, the Fc-containing polypeptide
comprises mutations F243L and V264N. In another embodiment, the Fc-contaimning polypeptide
comprises mutations F243V and V264G. In one embodiment, the Fec-containing polypeptide of
the invention is an antibody or an antibody fragment. In one embodiment, the Fc-containing
polypeptide is an antibody or antigen binding fragment thereof that binds to an antigen selected
from the group consisting of: TNF-a, IL-1, IL-2, IL~-4, IL-5, IL-6, IL-8, IL-9, IL-10, IL~12, 1L-13,
[L-17, 11-18, IL-20, IL-21, IL-22, 1L-23, IL-23R, IL-25, [L-27, IL.-33, CD2, CD4, CDI11A,
CD14, CD18, CD19, CD23, CD25, CD40, CD40L, CD20, CD32, CD64, CD80, CD147, CD200,
CD200R, TSLP, TSLPR, PD-1, PDL1, CTLA4, VLA-4, VEGF, PCSK9, 047-integrin, E-
selectin, Fact II, ICAM-3, beta2-integrin, IFNy, C3, CBL, LCAT, CR3, MDL-1, GITR, ADDL,
CGRP, TRKA, IGFIR, RANKL, GTC, or the receptor for any of the above mentioned
molecules. In a one embodiment, the Fc-containing polypeptide will bind to TNF-a. In another
one embodiment, the Fe-containing polypeptide will bind to Her2, In another one embodiment,
the Fe-containing polypeptidé will bind to PCSK9. In one embodiment, the Fc-containing
polypeptide is an antibody fragment comprising SEQ 1D NO:18. In another embodiment, the Fc-
containing polypeptide is an antibody fragment comprising SEQ ID NO:19. In another
embodiment, the Fc-containing polypeptide is an antibody fragment consisting {or consisting
essentially of) SEQ ID NO:18 or SEQ ID NO:19. In one embodiment, the parent Fc-containing

polypeptide comprises a native Fc region. In another embodiment, the parent Fc-containing
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polypeptide comprises a F243A mutation. In another embodiment, the parent Fc-containing

polypeptide comprises a V264 A mutation.

The invention also comprises a method of treating an inflammatory condition in a
subject in need thereof comprising: administering to the subject a therapeutically effective
amount of an Fc-containing polypeptide comprising mutations at positions 243 and 264, wherein
the numbering is according to the EU index as in Kabat. In one embodiment, the Fc-containing
polypeptide decreases the expression of a gene selected from the group consisting of: IL-1[, IL-6,
RANKL, TRAP, ATP6v0d2, MDL-1, DAP12, CD11b, TIMP-1, MMPY, CTSK, PU-1, MCP1,
MIP1a, Cxcll-Groa, CXcl2-Grob, CD18, TNF, FeyRI, FeyRIIb, FeyRIII and FeyRIV. In a one
embodiment, the Fc-containing polypeptide comprises mutations F243A and V264A. In another
embodiment, the nucieic acid encodes the mutations F243Y and V264(G. In another
embodiment, the nucleic acid encodes the mutations 243T and V264G. In another embodiment,
the nucleic acid encodes the mutations F243L and V264A. In another embodiment, the nucleic
acid encodes the mutations F2431 and V264N. In another embodiment, the nucleic acid encodes
the mutations F243V and V264G. In one embodiment, the Fc-containing polypeptide 1s
administered parenterally. In one embodiment, the Fc-containing polypeptide is administered
subcutaneously. In one embodiment, the Fc-containing polypeptide is an antibody or antigen
binding fragment thereof. In one embodiment, the Fc-containing polypeptide is an antibody or
antigen binding fragment thereof that is useful in treating an inflammatory condition. In one
embodiment, the antibody or antigen binding fragment thereof binds to an antigen selected from
the group consisting oft TNF-a, IL-1, IL-2, IL-4, IL-5, IL-6, IL~8, IL-9, IL-10, IL-12, IL-15, IL-
17, 1L-18, IL-20, IL-21, IL-22, IL-23, IL-23R, IL-25, IL-27, 1L-33, CD2, CD4, CD11A, CD14,
CD18§, CD19, CD23, CD25, CD40, CD40L, CD20, CD52, CD64, CD80, CD147, CD200,
CD200R, TSLP, TSLPR, PD-1, PDL1, CTLA4, VLA-4, VEGF, PCSK9, u4{37-1ntegrin, -
selectin, Fact II, ICAM-3, beta2-integrin, IFNy, C5, CBL, LCAT, CR3, MDL-1, GITR, ADDL,
CGRP, TRKA, IGF1R, RANKIL, GTC, or the receptor for any of the above mentioned
molecules. In one embodiment, the Fc-containing polypeptide will bind to TNF-a. In another
embodiment, the Fc-containing polypeptide will bind to Her2. In another embodiment, the Fe-
containing polypeptide will bind to PCSK9. In one embodiment, the Fc-containing polypeptide
is an antibody fragment comprising SEQ ID NO:18. In another embodiment, the Fc-containing
polypeptide is an antibody fragment comprising SEQ ID NO:19. In another embodiment, the Fc-
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containing polypeptide is an antibody fragment consistiﬁg (or consisting essentially of) SEQ ID
NO:18 or SEQ ID NO:19

Another invention disclosed herein relates to a pharmaceutical composition
comprising an Fc-containing polypeptide, wherein at least 70% of the N-glycans on the Fc-

containing polypeptide comprise an oligosaccharide structure selected from the group consisting
of SA(1..4)Gal(1-4)GIGNA0(2-4)Man3GicNA02 and SAGalGlcNAcMan5GlecNAcp wherein the

Fc-containing polypeptide comprises mutations at amino acid positions 243 and 264 of the Fc
region, wherein the numbering is according to the EU index as in Kabat. In one embodiment, the
mutations are F243A and V264A. In another embodiment, the mutations are F243Y and V264G,
In another embodiment, the nucleic acid encodes the mutations 243T and V264G. In another
embodiment, the mutations are F243L and V264A. In another embodiment, the mutations are
2431, and V264N. In another embodiment, the mutations are F243V and V264G. In one
embodiment, at least 47-11*101@ % of the N-glycans have the structure

SA»GalyGleNAcyMan3GleNAc2, In another embodiment, at least 47 mole % of the N-glycans
have the structure NANA»GalhGlcNAcryMan3GlcNAc2, In one embodiment, the sialylated N-

glycans comprise a mixture of a-2.3 and 0-2.6 linked sialic acid. In another embodiment, the
sialylated N-glycans comprise only o -2,6 linked sialic acid. In another embodiment, the
sialylated N-glycans comprise o -2,6 linked sialic acid and comprise no detectable level of 0-2,3
linked sialic acid. In one embodiment, the sialic acid is N-acetylneuraminic acid (NANA) or N-
slycolylneuraminic acid (NGNA) or a mixture thereof. In another embodiment, the sialic acid 1s
an analog or derivative of NANA or NGNA with acetylation at position 9 on the sialic acid. In
one embodiment, the N-glycans on the Fc-containing polypeptides comprise NANA and no
NGNA. In one embodiment, the Fe-containing polypeptide is an antibody fragment comprising
SEQ ID NO:18. In another embodiment, the Fc-containing polypeptide 18 an antibody fragment
comprising SEQ ID NO:19. In another embodiment, the Fc-containing polypeptide is an
antibody fragment consisting (or consisting essentially of) SEQ 1D NO:18 or SEQ ID NO:19
Another invention disclosed herein relates to a pharmaceutical composition
comprising an Fc-containing polypeptide, wherein at least 70% of the N-glycans on the Fc-

containing polypeptide comprise an oligosaccharide structure selected from the group consisting
of SA(1-4)Gal(1-4)GlecNAc(2-4)Man3 GlcNAc) and SAGalGleNAcMan5GleNAcp, wherein the

sialic acid residues are attached exclusively via an a -2,6 linkage, wherein the N-glycans lack
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fucose, and wherein the Fe-containing polypeptide comprises mutations at amino acid positions
243 and 264 of the Fc region, wherein the numbering is according to the EU index as in Kabat.
In one embodiment, the mutations are F243A and V264A. In another embodiment, the
mutations are F243Y and V264G, In another. embodiment, the nucleic acid encodes the
mutations 243 T and V264G. In another em’oodiment, the mutations are F243L and V264A. In
another embodiment, the mutations are F2431 and V264N. In another embodiment, the
mutations are F243V and V264G. In one embodiment, at least 47 mole % of the N-glycans have
the structure SA>GalyGleNAc)Man3GleNAc), In another embodiment, at least 47 mole % of

the N-glycans have the structure NANA»GalyGleNAcpMan3GleNAc2, In one embodiment, the

sialylated N-glycans comprise a mixture of 0-2,3 and 0-2,6 linked sialic acid. In another
embodiment, the sialylated N-glycans comprise only ¢-2,6 linked sialic acid. In another
embodiment, the sialylated N-glycans comprise o-2,6 linked sialic acid and comprise no
detectable level of 0-2,3 linked sialic acid. In one embodiment, the sialic acid 1s N-
acetylneuraminic acid (N ANA) or N-glycolylneuraminic acid (NGNA) or a mixture thereof. In
another embodiment, the sialic acid is an analog or derivative of NANA or NGNA with
acetylation at position 9 on the sialic acid. In one embodiment, the N-glycans on the Fe-
containing polypeptides comprise NANA and no NGNA. In one embodiment, the Fc-containing
polypeptide is an antibody fragment comprising SEQ ID NO:18. In another embodiment, the Fc-
containing polypeptide is an antibody fragment comprising SEQ ID NO:19. In another
embodiment, the Fe-containing polypeptide is an antibody fragment consisting (or consisting
essentially of) SEQ ID NO:18 or SEQ ID NO:19

The invention also comprises an Fc-containing polypeptide comprising a heavy
chain and a light chain, wherein the heavy chain comprises the amino acid sequence of SEQ ID
NO:9 or a variant thereof and the light chain comprises the amino acid sequence of SEQ ID
NO:2 or a variant thereof, wherein the variant comprises one or more of the following properties
when compared to an antibody comprising the heavy chain amino acid sequence of SEQ ID
NOQO:1 and the light chain amino acid sequence of SEQ ID NO:2: reduced effector function,
increased anti-inflammatory properties; increased sialylation; increased bioavailabihity
(absorption or exposure) when administered parenterally, and reduced binding to FcyRlI, FeyRlla,
FeyRIIb and FeyRIHla. The invention also comprises an Fe-containing polypeptide comprising a

heavy chain and a light chain, wherein the heavy chain comprises the amino acid sequence of
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SEQ ID NO:12 or a variant thereof and the light chain comprises the amino acid sequence of
SEQ ID NO:11 or a variant thereot, wherein the variant comprises one or more of the following
properties when compared to an antibody comprising the heavy chain amino acid sequence of
SEQ ID NO:10 and the light chain amino acid sequence of SEQ ID NO:11: reduced effector
function, increased anti-inﬂammatory properties, increased. sialylation, increased bioavailability
(absorption or exposure) when administered parenterally, and reduced binding to FcyRI, FeyRlla,
FeyRl1Ib, FoyRIIla and FeyRIIIb. The invention also comprises an Fc-containing polypeptide
comprising a heavy chain and a light chain, wherein the heavy chain comprises the amino acid
sequence of SEQ ID NO:15 or a variant thereof, and the light chain comprises the amino acid
sequence of SEQ ID NO:14 or a variant thereof, wherein the variant comprises one or more of
the following properties when compared to an antibody comprising the heavy chain amino acid
sequence of SEQ ID NO:13 and the light chain amino acid sequence of SEQ ID NO:14: reduced
effector function, increased anti-inflammatory properties, increased sialylation, increased
bioavailability (absorption or exposure) when administered parenterally, and reduced binding to
FcyRI, FeyRlIla, FeyRllb, Fc'yRIIIa and FcyRIIIb. In one embodiment, the variant comprises up
t00,1,2,3,4,5,6,7,8,9, 10 or more conservative or non conservative amino acid
substitutions. In one embodiment, the variant comprises at least 75%, 80%, 85%, 90%, 95%,

08% or 99% sequence identity with the claimed sequence

The invention also comprises a method of increasing the anti-intflammatory
properties of an Fe-containing polypeptide, comprising introducing a mutation at position 243 or
a mutation at position 264 of a parent Fc-contaning polypeptide, wherein the numbering 1s
according to the EU index as in Kabat, wherein said Fc containing polypeptide has increased

anti-inflammatory function when compared to the parent Fc-containing polypeptide. The

invention also comprises a method of increasing the anti-inflammatory properties of an Fe-

containing polypeptide comprising: selecting a parent Fc-containing polypeptide that is useful in
treating inflammation (for example, an antibody or immunoadhesin that binds to an antigen that
is involved in inflammation) and introducing introducing a mutation at position 243 or a
mutation at position 264 of a parent Fc-contaning polypeptide, wherein the numbering 1s
according to the EU index as in Kabat, wherein the Fc-containing polypeptide has increased anti-
inflammatory properties when compared to the parent Fe-containing polypeptide. In one

embodiment, the Fc-containing polypeptide comprises mutation F243A. In another embodiment,
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the Fc-containing polypeptide comprises mutation V264A. In one embodiment, the parent kec-

containing polypeptide comprises a native Fc region.

The invention also comprises a method of treating an inflammatory condition in a
subject in need thereof comprising: administering to the subject a therapeutically effective
amount of an Fc-containing polypeptide a mutation at position 243 or a mutation at'position 264
of a parent Fc-contaning polypeptide, wherein the numbering is according to the EU index as in
Kabat. In one embodiment, the Fc-containing polypeptide is administered parenterally. In one
embodiment, the Fc-containing polypeptide is administered subcutaneously. In one embodiment,
the Fc-containing polypeptide comprises mutation F243A. In another embodiment, the Fc-
containing polypeptide comprises mutation V264A. In one embodiment, the parent Fc-

containing polypeptide comprises a native Fc region.

In any of the above embodiment, an increase in anti-inflammatory activity can be
detected using any method known in the art. In one embodiment, an increase in anti-
inflammatory activity 18 detetﬁted by measuring a decrease in the expression of a gene selected
from the group consisting of: IL-1B, I1L-6, RANKL, TRAP, ATPGvOdSZ, MDIL-1, DAP12, CD11b,
TIMP-1, MMP9, CTSK, PU-1, MCP1, MiP1a, Cxcll-Groa, CXcl2-Grob, CD18, TNF, FeyRI,
FeyRIIb, FeyRIM and FeyRIV.,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graphic representation of pGIL.Y3483, the F243A and V264A double
mutein expression plasmid. Both heavy and light chains were under the control of a methanol
inducible promoter, AOX1. The PpTrp2 gene was the locus applied to integrate the entire
cassette. With the exception of the mutations on the heavy chain, expression plasmid structure
was the same for the wild type (parent), single F243 A mutein, single V264A mutein, and the
double mutein expression plasmids.

Figure 2 is a representation of the gels from an SDS-PAGE analysis characterizing
the non-reduced (NR) and reduced (R) antibodies produced by the materials and methods herein.
Lane 1 contains an anti-Her2 monoclonal antibody, Her2; Lane 2 contains a singie Fc mutein,

F243A: Lane 3 contains a single F¢ mutein, V264 A; and Lane 4 contains a double Fc¢ mutein,
F243A/V264A.
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Figure 3 illustrates antigen affinity for various antibodies produced by the
materials and methods herein as determined by a cell based assay using an SK-BR3 cell line, a
Her2-overexpressing human breast cancer line. m —Her2; ¢ - F243A/V264A G56.0
glycosylation; A - F243A with GS6.0 glycosylation; ¥ - V264A with (S6.0 glycosylation; O -
Control IgG; x - Pichia pastoris Her2 produced with GFI 5.0 glycosylation.

Figure 4 illustrates a MALDI-TOF MS analysis of N-glycans of a Pichia pastoris
Her2 antibody produced in GFI 5.0 strain YDX477. The peaks are MansGIcNAc2, 1261.24

(GS2.0), GlceNAcoMan3GleNAcg, 1343.50 (GO) (predominant), GalGleNAc2Man3GleNAc),
1505.97 (G1), and GalpGlcNAc2Man3GleNAc), 1668.47 (G2).

Figure 5 illustrates a MALDI-TOF MS analysis of N-glycans of a single Fc
mutein, F243 A, antibody produced in GFI 5.0 strain YDX551. The peaks are MansGIlcNAc),

1261.05, GleNAcaMan3GleNAc2 1343.71, GalGleNAcoMan3GleNAc), 1506.62, and
GalyGleNAcoMan3GlecNAc?), 1668.97 (predominant).

Figure 6 illustrates a MALDI-TOF MS analysis of N-glycans of a single Fc
mutein, V264 A, antibody produced in GFI 5.0 strain YDX551. The peaks are Man5GIcNAC?,

1261.98, GalGlcNAcyMani3GlcNAco, 1505.45, and GaloGleNAcaMan3GleNAc), 1663.85

(predominant).

Figure 7 illustrates a MALDI-TOF MS analysis of N-glycans of a double Fc
mutein, F243A/V264A, antibody produced in GFI 5.0 strain YDX557, The major peak
corresponds to Gal,GleNAcoMan3GleNAc), 1668.39.

Figure 8 illustrates a MALDI-TOF MS analysis of N-glycans of a doubie F¢
mutein, F243A/V264A, antibody produced in GFI 6.0 strain YGLY4563. The double peaks at
222428 and 2245.83 (predominant) correspond to NANAGal2GleNAcyMan3GleNAc2 and

NANA2Gal2GleNAcoyMan3GlcNAc?, respectively.

Figures 9A-9D are graphic representations of the FeyR binding for various
antibodies produced by the materiais and methods described in Example 11: FeyRIIaLF (Figure
9A); FeyRI (Figure 9B); FeyRIIb/c (Figure 9C); and FeyRIIIaLV (Figure 9D). For Figures 9A-
OD: m - Her?2; A -F243A produced in GFI 6.0; ¥ - V264A produced i GFI 6.0; ¢ -
F243A/V264A produced in GFI 6.0; @ - F243A/V264A produced in GFI 6.0 and treated with
PNGase.

- 16 -
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Figure 10 is a graphic representation of the Clq binding for various antibodies
produced by the materials and methods described in Example 12: ¢ - anti-CD20 antibody, a
positive control; m - Her2; A - F243 A produced with G86.0 glycosylation; ¥ - V264A produced
with GS6.0 glycosylation; ¢ - F243A/V264A produced with GS6.0 glycosylation; e -
F243A/V264A with GS6.0 glycosylation and PNGase.

Figure 11 is a graphic representation of the ADCC response for the various
antibodies produced by the materials and methods described in Example 13: w - HerZ; A -
F243 A produced with (GS6.0 glycosylation; ¥ - V264A produced with GS6.0 glycosylation; 4 -
F243A/V264A produced with GS6.0 glycosylation ; ¢ - NK cell killing without antibody; X -
Her2 produced in GFI2.0.

Figure 12 is a graphic representation of serum monoclonal antibody concentration
over time for mice injected with: m - Her2; X - Her2 produced in GFI 5.0; ¢ - F243A/V264A
produced in GFI 6.0 as described in Example 14.

Figures 13A~13E are graphic representations of the FcyR binding for various
antibodies described in Example 15.

Figure 14 is a graphic representation of the ADCC response for the various
antibodies produced by the materials and methods described in Example 16. The results in
Figures 14A and 14B were from experiments using heterozygous F/V effector cells. The results
in Figures 14C and 14D were from experiments using F/F effector cells. The results in Figure
14E were from an experiment using V/V eftector cells.

Figure 15 is a graphic representation of the ADCC activity of the anti-Her2 Fc¢
double mutant compared to the assumed additive reference curve of each of the single mutants as
described in Example 17.

Figure 16 is a graphic representation of the ADCC response for the various
antibodies produced by the materials and methods described in Example 18.

Figure 17 is a graphic representation of the CDC response for the various
antibodies produced by the materials and methods described in Example 19.

Figure 18 is a graphic representation of the effect of the Fc muteins of the
invention in an AIA model described in Example 20.

Figure 19 is a graphic representation of the effect of the Fc muteins of the

invention in an AIA model described in Example 21.
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Figure 20 is a graphic representation of the FcyR binding for the anti-TNFo
antibodies described in Example 22.

Figure 21 is a graphic representation of the FeyR binding for the anti-TNFa
antibodies described in Example 23.

Figure 22 is a graphic representation of the effect of the Fc muteins of the

invention in an AIA model described in Example 24.

DETAILED DESCRIPTION OF THE INVENTION

Definitions
The term “G0” when used herein refers to a complex bi-antennary oligosaccharide

without galactose or fucose, GlcNAcyMan3GlcNAC).

The term “G1” when used herein refers to a complex bi-antennary oligosaccharide

without fucose and containing one galactosyl residue, GalGleNAcaMan3GleNAC).

The term “G2” when used herein refers to a complex bi-antennary oligosaccharide

without fucose and containing two galactosyl residues, GalpGlceNAcoMan3GleNAc).

The term “GOF” when used herein refers to a complex bi-antennary

oligosaccharide containing a core fucose and without galactose, GlcNAcpMan3GIcNAcQF.

The term “G1F” when used herein refers to a complex bi-antennary

oligosaccharide containing a core fucose and one galactosyl residue,
GalGlcNAc»Man3GIlcNAc2F.

The term “G2F” when used herein refers to a compiex bi-antennary

oligosaccharide containing a core fucose and two galactosyl residues,
Gal?2GleNAcyMan3GicNAcoF.

The term “Man5” when used herein refers to the oligosaccharide structure shown

as

Y 013 Mannose
31,4 al 3

B of 6 Mannose

.18 -
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The term “GFI 5.0 when used herein refers to glycoengineered Pichia pastoris

strains that produce glycoproteins having predominantly GalpGleNAcpMan3GleNAc) N-

glycans.

The term “GFI 6.0” when used herein refers to glycoengineered Pichia pastoris
strains that produce glycoproteins having predominantly NANA2Galp GlcNAcaMan3GleNAc?
N-glycans.

The term “GS5.0”, when used herein refers to the N-glycosylation structure
GalpGlcNAcyMan3GicNAc).

The term “GS5.5”, when used herein refers to the N-glycosylation structure

NANAGalGlcNAcsyMan3GleNAc), which when produced in Pichia pastoris strains to which a

2.6 sialyl transferase has been glycoengineered result in o 2,6-linked sialic acid and which when
produced in Pichia pastoris strains to which a 2,3 sialyl transferase has been glycoengineered
result in o 2,3-linked sialic acid.

The term “GS6.0”, when used herein refers to the N-glycosylation structure

NANA2GalrGleNAcyMan3GlcNAc?, which when produced in Pichia pastoris strains to which

a 2.6 sialyl transferase has been glycoengineered result in o 2,6-linked sialic acid and which
when produced in Pichia pastoris strains to which o 2,3 sialyl transferase has been
glycoengineered result in o 2,3-linked sialic acid.

The term “wild type” or “wt” when used herein in connection to a Pichia pastoris
strain refers to a native Pichia pastoris strain that has not been subjected to genetic moditication
to control glycosylation.

The term “antibody”, when used herein refers to an immunoglobulin molecule
capable of binding to a specific antigen through at least one antigen recogmtion site located in
the variable region of the immunoglobulin molecuie. As used herein, the term encompasses not
only intact polyclonal or monoclonal antibodies, consisting of four polypeptide chains, 1.e. two
identical pairs of polypeptide chains, each pair having one “light” chain (LC) (about 25 kDa) and
one “heavy” chain (HC) (about 50-70 kDa), but also fragments thereof, such as Fab, Fab,

F(ab"s, Fv, single chain (ScFv), mutants thereof, fusion proteins comprising an antibody portion,

and any other modified configuration of an immunoglobulin molecule that comprises an antigen

recognition site and at least the portion of the C}y2 domain of the heavy chain immunoglobulin

constant region which comprises an N-linked glycosylation site of the CH2 domain, or a variant

.19 -
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thereof. As used herein the term includes an antibody of any class, such as IgG (for example,
IgG1, 1eG2, 1gG3 or IgG4), IgM, IgA, IgD and IgE, respectively.

The term “consensus sequence of CH2” when used herein refets to the amino acid
sequence of the C}2 domain of the heavy chain constant region containing an N-linked

elycosylation site which was derived from the most common amino acid sequences found in

CH2 domains from a variety of antibodies.

The term “Fc region” is used to define a C-terminal region of an immunoglobulin
heavy chain. The “Fc region” may be a native sequence Fc region or a variant Fc region.
Although the boundaries of the Fc region of an immunoglobulin heavy chain might vary, the
human IgG heavy chain Fc region is usually defined to stretch from an amino acid residue at
position Cys226, or from Pro230, to the carboxyl-terminus thereof. The Fc region of an
immunoglobulin comprises two constant domains, CH2 and CH3, and can optionally comprise a
hinge region. In one embodiment, the Fc region comprises the amino acid sequence of SEQ ID
NO:18. In one embodiment, the Fc region comprises the amino acid sequence of SEQ ID
NO:19. In another embodiment, the Fc region comprises the amino acid sequence of SEQ ID
NO:18, with the addition of a lysine (K) residue at the 5' end. The Fc region contains a single N-
linked glycosylation site in the Ch2 domain that corresponds to the Asn297 site of a full-length
heavy chain of an anfibody.

The term “Fec-containing polypeptide” refers to a polypeptide, such as an anttbody
or immunoadhesin, which comprises an Fc region. This term encompasses polypeptides
comprising or consisting of (or consisting essentially of) an Fc region. Polypeptides comprising
an Fc region can be generated by papain digestion of antibodies or by recombinant DNA
technology.

The term “parent antibody”, “parent immunoglobulin™ or “parent Fc-containing
polypeptide” when used herein refers to an antibody or Fe-containing polypeptide which lacks
the Fc region mutations disclosed herein. A parent Fc-containing polypeptide may comprise a
native sequence Fc region or an Fc region with pre-existing amino acid sequence modifications.
A native sequence Fc region comprises an amino acid sequence identical to the amino acid
sequence of an Fc region found in nature. Native sequence Fe regions include the native
sequence human IgG1 Fc region, the native sequence human IgG2 Fe region, the native sequence
human IgG3 Fc region and the native sequence human IgG4 Fc region as well as naturally

occurring vatiants thereof. When used as a comparator, a parent antibody or a parent Fc-
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containing polypeptide can be expressed in any cell. In one embodiment, the parent antibody or a
parent Fc-containing polypeptide is expressed in the same cell as the Fe-containing polypeptide
of the invention.

As used herein, the term “immunoadhesin™ designates antibody-like molecules
which combine the “binding domain” of a heterologous “adhesin” protein (e.g. a receptor, ligand
or enzyme) with an immunoglobulin constant domain. Structurally, the immunoadhesins
comprise a fusion of the adhesin amino acid sequence with the desired binding specificity which
is other than the antigen recognition and binding site (antigen combining site) of an antibody (1.e.
is “heterologous™) and an immunoglobulin constant domain sequence. The term “higand binding
domain” as used herein refers to any native cell-surface receptor or any region or derivative
thereof retaining at least a qualitative ligand binding ability of a corresponding native receptor.
In a specific embodiment, the receptor is from a cell-surface polypeptide having an extracellular
domain that is homologous to a member of the immunoglobulin supergenefamily. Other
receptors, which are not members of the immunoglobulin supergenefamily but are nonetheless
specifically covered by this definition, are receptors for cytokines, and in particular receptors
with tyrosine kinase activity (receptor tyrosine kinases), members of the hematopoietin and nerve
growth factor which predispose the mammal to the disorder in question. In one embodiment, the
disorder is cancer. Methods of making immunoadhesins are well known in the art. See, e.g.,
WO00/42072.

The term “Her2” or “Her2 antibody” when used herein refers to an antibody
having an amino acid sequence similar to that for a commercially available Her2 antibody
produced in mammalian cells, i.e. CHO cells, known as trastuzumab.

The term “Pichia Her?2 antibody” or “Pichia anti-Her2 antibody” when used
herein refers to an antibody having an amino acid sequence similar to that for a commercially
available Her2 antibody (trastuzumab) produced in glycoengineered Pichia pastoris.

The term “Fe¢ mutein antibody” when used herein refers to an antibody comprising
one of the single Fc muteins or the double Fc mutein described herem.

The term “Fc mutein” when used herein refers to an Fc-containing polypeptide n
which one or more point mutations have been made to the Fc region.

The term “Fc mutation” when used herein refers to a mutation made to the Fc
region of an Fc-containing polypeptide. Examples of such a mutation include the F243A or

V264 A mutations described herein.
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The term “single Fc mutein” when used herein refers to an Fc-containing
polypeptide incorporating a mutation at position 243 or 264 of the Fc region. The term “F243A"
refers to a mutation from F (wildét}rpe) to A at position 243 of the Fc region of an Fc-containing
polypeptide. The term' “V264A” refers to a mutation from V (wild-type) to A at position 264 ot
the Fc region of an Fc-containing polypeptide. The position 243 and 264 represent the amino
acid positions in the CH2 domain of the Fc region of an Fc-containing polypeptide.

The term “double F¢ mutein” when used herein refers to an Fc-containing
polypeptide comprising mutations at positions 243 and 264 of the Fc region. The term
“F243A/V264A” refers to a double Fc mutein comprising the two specified mutations.

Throughout the present specification and claims, the numbering of the residues in
an immunoglobulin heavy chain or an Fc-containing polypeptide is that of the EU index as in
Kabat et al., Sequences of Proteins of Immunological Interest, Sth Ed. Public Health Service,
National Institutes of Health, Bethesda, MD (1991), expressly incorporated herein by reference.
The “EU index as in Kabat” refers to the residue numbéring of the human [gG1 EU antibody.

The term “effector function” as used herein refers to a biochemical event that
results from the interaction of an antibody Fc region with an Fc receptor or ligand. Exemplary
“effector functions” include Clq binding; complement dependent cytotoxicity; F¢ receptor
binding; antibody-dependent cell-mediated cytotoxicity (ADCC); phagocytosis; down regulation
of cell surface receptors (e. g. B cell receptor; BCR), etc. Such effector functions can be assessed
using various assays known in the art.

The term “glycoengineered Pichia pastoris” when used herein refers to a strain of

Pichia pastoris that has been genetically altered to express human-like N-giycans. For exampie,
the GFI 5.0, GFI 5.5 and GF1I 6.0 strains described above.

- B 1

The terms “N-glycan”, “glycoprotein” and “glycoform” when used herein refer to
an N-linked oligosaccharide, e.g., one that is attached by an asparagine-N-acetylglucosamine
linkage to an asparagine residue of a polypeptide. Predominant sugars found on glycoproteins
are glucose, galactose, mannose, fucose, N-acetylgalactosamine (GalNAc), N-acetylglucosamine
(GlcNAc) and sialic acid (SA, including NANA, NGNA and derivatives and analogs thereof,
including acetylated NANA or acetylated NGNA). In glycoengineered Pichia pastoris, sialic
acid is exclusively N-acetyl-neuraminic acid (NANA) (Hamilton et al., Science 313 (5792):

1441-1443 (2006)). N-glycans have a common pentasaccharide core of Man3GIcNAc2, wherein

“Man” refers to mannose, “Glc” refers to glucose, “NAc” refers to N-acetyl, and GlcNAc refers
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to N-acetylglucosamine. N-glycans differ with respect to the number of branches (antennae)
comprising peripheral sugars (e.g., GlcNAc, galactose, fucose and sialic acid) that are added to

the Man3GlcNAc¢) (“Man3”) core structure which is also referred to as the “trimannose core”,

the “pentasaccharide core” or the “paucimannose core”. N-glycans are classified according to
their branched constituents (e.g., high mannose, complex or hybrid).

As used herein, the term “sialic acid” or “SA” refers to any member of the sialic
acid family, including without limitation: N-acetylneuraminic acid (NeuSAc or NANA), N-
olycolylneuraminic acid (NGNA) and any analog or derivative thereof (including those arising
from acetylation at any position on the sialic acid molecule). Sialic acid is a generic name for a
eroup of about 30 naturally occurring acidic carbohydrates that are essential components of a

large number of glycoconjugates. Schauer, Biochem. Society Transactions, 11, 270-271 (1983).

Sialic acids are usually the terminal residue of the oligosaccharides. N-acetylneuraminic acid
(NANA) is the most common sialic acid form and N-glycolylneuraminic acid (NGNA) is the
second most common form. Schauer, Glycobiology, 1, 449-452 (1991). NGNA is widespread

throughout the animal kingdom and, according to species and tissue, often constitutes a
significant proportion of the glycoconjugate-bound sialic acid. Certain species such as chicken
and man are exceptional, since they lack NGNA in normal tissues. Corfield, et al., Cell Biology
Monographs, 10, 5-50 (1982). In human serum samples, the percentage of sialic acid in the form
of NGNA is reported to be 0.01% of the total sialic acid. Schauer, "Sialic Acids as Antigenic
Determinants of Complex Carbohydrates", found in The Molecular Immunology of Complex
Carbohydrates, (Plenum Press, New York, 1988).

The term “human-like N-glycan”, as used herein, refers to the N-linked
oliposaccharides which closely resemble the oligosaccharides produced by non-engineered, wild-
type human cells. For example, wild-type Pichia pastoris and other lower eukaryotic cells
typically produce hypermannosylated proteins at N-glycosylation sites. The host cells described
herein produce glycoproteins (for example, antibodies) comprising human-like N-glycans that are
not hypermannosylated. In some embodiments, the host cells of the present invention are
capable of producing human-like N-glycans with hybrid and/or complex N-glycans. The
specific type of “human-like” glycans present on a specific glycoprotein produced from a host
cell of the invention will depend upon the specific glycoengineering steps that are performed 1n
the host cell.
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The term “high mannose” type N-glycan when used herein refers to an N-glycan
having five or more mannose residues. |

The term “complex” type N-glycan when used hefein refers to an N-glycan having
at least one GleNAc attached to the 1,3 mannose arm and at ieast one GlcNAc attached to the 1,6
mannose arm of a “trimannose” core. Complex N-glycans may also have galactose (*Gal”) or V-
acetylgalactosamine (“GalNAc”) residues that are optionally modified with sialic acid or
derivatives (e.g., “NANA” or “NeuAc”, where “Neu” refers to neuraminic acid and “Ac” refers
to acetyl). Complex N-glycans may also have intrachain substitutions comprising “bisecting”
GlcNAc and core fucose (“Fuc™). As an example, when a N-glycan comprises a bisecting

GlcNAc on the trimannose core, the structure can be represented as Man3GIcNAc2(GIcNAc) or
Man3GlcNAc3. When an N-glycan comprises a core fucose attached to the trimannose core, the
structure may be represented as Man3GlecNAc2(Fuc). Complex N-glycans may also have

multiple antennae on the “trimannose core,” often referred to as “multiple antennary glycans.”

The term “hybrid” N-glycan when used herein refers to an N-glycan having at
least one GlcNAc on the terminal of the 1,3 manﬁose arm of the trimannose core and zero or
more than one mannose on the 1,6 mannose arm of the trimannose core.

' When referring to “mole percent” of a glycan present in a preparation of a
glycoprotein, the term means the molar percent of a particular glycan present in the pool of N-
linked oligosaccharides released when the protein preparation is treated with PNGase and then
quantified by a method that is not affected by glycoform composition, (for instance, labeling a
PNGase released glycan pool with a fluorescent tag such as 2-aminobenzamide and then
separating by high performance liquid chromatography or capillary electrophoresis and then
quantifying glycans by fluorescence intensity). For example, 50 mole percent NANA2

GalhGleNAcoMan3GleNAc means that S0 percent of the released glycans are NANAD
GalrGlcNAcoMan3GleNAc) and the remaining 50 percent are comprised of other N-linked

oligosaccharides.

The term “anti-inflammatory antibody” as used herein, refers to an antibody
intended to be used to treat inflammation. The anti-inflammatory properties of an Fe-containing
polypeptide can be measured using any method known in the art. In one embodiment, the anti-
inflammatory properties of an Fc-containing polypeptide are measured using an animal model,
such as the models described in Kaneko et al., Science 313:670-673 (2006), Anthony et al.,
Science 320:373-376 (2008), and Examples 20-21 herein. In another embodiment, the anti-
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inflammatory propetties of an Fc-containing polypeptide are measured by determining the level
of a biomarker related to inflammation (including without limitation: CRP, pro-inflammatory
cytokines such as tumor necrosis factors (TNF-alpha), interferon-gamma, interleukin 6 (IL-6, 1L-
8. IL-10, chemokines, the coagulation marker D-dimer, sCD14, intestinal fatty acid binding
peptide (IFABP), and hyaluronic acid. In one embodiment, the anti-inflammatory properties of
an Fc-containing polypetpide is measured by determining the level of C-reactive protein (CRP)
using a method known in the art. A decrease in the level of C-reactive protein indicates that the
Fc-containing polypeptide has anti-inflammatory properties.

“Consei'vatively modified variants” or “conservative substitution” refers to
substitutions of amino acids in a protein with other amino acids having similar characteristics
(e.g. charge, side-chain size, hydrophobicity/hydrophilicity, backbone conformation and rigidity,
etc.), such that the changes can frequently be made without altering the biological activity of the
protein. Those of skill in this art recognize that, in general, single amino acid substitutions in
non-essential regions of a polypeptide do not substantially alter biological activity (see, e.g.,

Watson et al. (1987) Molecular Biology of the Gene, The Benjamin/Cummings Pub. Co., p. 224

(4th Ed.)). In addition, substitutions of structurally or functionally similar amino acids are less

likely to disrupt biological activity. Exemplary conservative substitutions are listed below:

dfigznal resldue ‘‘‘‘‘‘ Conservatwe substltutlon o |

Ala(A) Gly; Ser _ e R

Arg (R) ys; His e o
sa(N) ~GmHs 000000000
sp@™  GlwAsn 000000000

Cys¢C) ~ BenyAla

Gln(Q) I -

Glu (E) B .t o an e R

Gly(G) _ |Ala — -

His(H) Asj;Gln

fle  Lewva

Leu(@)  Jle;val R

Lys(K)  ArgiHis |

MetM)  LeuwllesTyr

Phe(F)  [TynMetLew

Pro (P) Ala

Ser (S8) hr -

%’h_r@ Ser _4

Trp (W) yr; Phe o

Tyr(Y) _ Trp;Phe

Vai (V) lle; Leu ]
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Glycosylation of immunoglobulin G (IgG) in the Fc region, Asn297 (according to
the EU numbering system), has been shown to be a requirement for optimal recognition and
activation of effector pathways including antibody dependent cellular cytotoxicity (ADCC) and
complement dependent cytotoxicity (CDC), Wright & Morrison, Trends in Biotechnology, 15:
26-31 (1997), Tao & Mdrriscn, J. Immunol., 143(8):2595-2601 (1989). As such, glycosylation

engineering in the constant region of IgG has become an area of active research for the

development of therapeutic monoclonal antibodies (mAbs). It has been established that the
presence of N-linked glycosylation at Asn297 is critical for mAb activity in immune effector
function assays including ADCC, Rothman (1989), Lifely et al., Glycobiology, 5:813-822
(1995), Umana (1999), Shields (2002), and Shinkawa (2003}, and complement dependent
cytotoxicity (CDC), Hodoniczky et al., Biotechnol. Prog., 21(6): 1644-1652 (2005), and Jefferis
et al., Chem. Immunol., 65: 111-128 (1997). This effect on function has been attributed to the

specific conformation adopted by the glycosylated Fe domain, which appears to be lacking when

olycosylation is absent, More specifically, IgG which lacks glycosylation in the Fe CH2 domain
does not bind to FcyR, including FeyRI, FeyRIl, and FeyRII, Rothman (1989).

Not only does the presence of glycosylation appear to play a role in the effector
function of an antibody, the particular composition of the N-linked oligosaccharide is also
important. For example, the presence of fucose shows a marked effect on in vitro FeyRllla
binding and in vifro ADCC, Rothman (1989), and Li et al., Nat. Biotechnol. 24(2): 2100-215
(2006). Recombinant antibodies produced by mammalian cell culture, such as CHO or NSO,

contain N-linked oligosaccharides that are predominately fucosylated, Hossler et al,,
Biotechnology and Bioengineering, 95(5):946-960 (2006), Umana (1999), and Jefferis et al.,

AL
----------

region may impart anti-inflammatory properties to antibodies. Intravenous immunoglobulin
(IVIG) purified over a lectin column to enrich for the sialylated form showed a distinct anti-
inflammatory effect limited to the sialylated Fc¢ fragment and was linked to an increase in
expression of the inhibitory receptor FcyRIIb, Nimmerjahn and Ravetch., J. Exp. Med. 204:11-15
(2007).

Glycosylation in the Fc region of an antibody derived from mammalian cell lines
typically consists of a heterogeneous mix of glycoforms, with the predominant forms typically
being comprised of the complex fucosylated glycoforms: GO¥, G1F, and, to a lesser extent, G2k,

Possible conditions resulting in incomplete galactose transfer to the GOF structure include, but
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are not limited to, non-optimized galactose transfer machinery, such as B-1,4 galactosyl

transferase, and poor UDP-galactose transport into the Golgi apparatus, suboptimal cell culture
and protein expression éonditions, and steric hindrance by amino acid residues neighboring the
oligosaccharide. While each of these conditions may modulate the ultimate degree of terminal
galactose, it is thought that subsequent sialic acid transfer to the Fc oligosaccharide is inhibited
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