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METHODS AND COMPOSITIONS FOR TREATING ALLERGIC OCULAR DISEASES

CROSS-REFERENCE TO RELATED APPLICATIONS
{8001} This application claims prionity to U.S. Provisional Application Senal No. 62/502,479,

filed May 5, 2017, the disclosure of which 15 incorporated herein by reference in its entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE
{0602} The content of the following submission on ASCII text file is incorporated herein by
reference n 18 entirety: a computer readable form (CRF) of the Sequence Listing {file name:

701712000740SEQLIST. TXT, date recorded: May 3, 2018, size: 115 KB).

FIELD OF THE INVENTION
10603} The present disclosure relates to methods for treating an allergic ocular discase {e.g.,
allergic conjunctivitis, keratoconjunctivitis, or giant papillary conjunctivitis) by administration

of antibodies that bind to human Siglec-8 and compositions comprising said antibodies.

BACKGROUND
[0004] Allergic ocular discases represent some of the most common ocular discases. The
number of people afflicted with allergic ocular diseases has risen in the last decades and is now
thought to affect at least 15-20% of the population {(La Rosa, M. ef o/ (2013) I1al J. Pediatr.
39:18). Symptoms range in severty from irritation, redness, and swelling of the conjunctiva to
cataracts and vision loss.
18605} Allergic ocular discases encompass a number of specific chinical entities with different
mechanisms of action. igE- and non-IgE-mediated mechanisms are thought to be involved, as
arc multiple cytokines, chemokines, and signaling pathways (La Rosa, M. eraf. (2013} ltal J.
Pediatr. 39:18). Mast cell hyperplasia and the presence of cosinophils have been observed in
some forms of allergic ocular disease, such as atopic keratoconjuactivitis (Morgan, 5.1 ef af
(1991} kye 5:729-735), which can lead to the development of cataracts and vision loss.
{8606} There remains a need for novel therapeutic approaches that target the inflammation
vadertyving allergic ocular diseases.
{0607} Al references cited herein, including patent applications, patent publications, and
scientific hiterature, are herem mcorporated by reference in their entirety, as if cach mdividual

reference were specifically and individually indicated to be incorporated by reference.
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BRIEF SUMMARY
10608]  To meet this and other nceds, the present disclosure relates, infer alia, to methods of
treating or preventing an allergic ocular discase (2. g., allergic conjunctivitis,
keratoconjunctivitis, or giant papillary conjunctivitis) by administration of antibodies that bind
to human Siglec-8 and/or compositions comprising said antibodies.
18609} Accordingly, certain aspects of the present disclosure relate to methods for treating or
preventing an allergic ocular disease in an mdividual comprising aduunistering to the individual
an effective amount of an antibody that binds to human Siglec-8.
{0610} Other aspects of the present disclosure relate to methods for treating or preventing an
allergic ocular discase in an indwvidual compusing administering to the individual an effective
amount of a composition comprising an antibody that binds to human Siglec-8.
{8011} In some embodiments, the individual has allergic conjunctivitis. In some
embodiments, the mdividual has seasonal allergic conjunctivitis. In some embodiments, the
mdividual has perenual allergic conjunctivitis. In some cmbodiments, the individual has atopic
keratoconjunctivitis. In some embodiments, the individual has vernal keratoconjunctivitis. In
some embodiments, the individeal has giant papillary conjonctivitis. In some embodiments, the
mdividual uses contact lenses. In some embodiments, the individual has increased mflammation
m at least a portion of the conjunctiva, as compared to an individual without an allergic ocular
discase. In some embodiments, the mdividual has an increased number of mast cells,
neutrophils, cosinophils, and/or lymphocytes in at least a portion of the conjunctiva, as
corpared to an individual without an allergic ocular discase. fn some embodiments, a
conjunctival scraping obtained from the individual comprises cosinophils. In some
embodiments, a serum or tear sample obtained from the individual has mercased IgE, as
compared to an individual without an allergic ocular disease. In some embodiments, an
epicutancous or intracutancous allergy test adnuinistered to the individual using an allergen
results in an allergic response. In some embodiments, one or more symptom(s) in the individual
are reduced as compared to a baseline level before administration of the composition or
antibody. In some embodiments, one or more of conjunctival itching, conjunctival redness,
conjunctival swelling, ocular discharge, ulceration, tearing, lid hypertrophy, crusting,
symblepharon, periocular eczema, madarosis, photophobia, keratitis, giant papillae, and cataracts
i the individual are reduced as compared to a baseling level before admpustration of the

composition or antibody. In some embodiments, the composition or antibody is administered by
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mtravenous infusion. In some embodiments, the composition or antibody is administered by
subcutaneous injection.
{0612} In some embodiments of the methods described herein {(e.g., supra), the antibody
comprises a heavy cham variable region and a hight chain varable region, wherein the heavy
chain variable region comprises (1} HVR-HI comprising the amino acid sequence of SEQ D
NG:6L, (i) HYR-H2 comprising the amino acid sequence of SEQ 1D NG:62, and (111) HVR-H3
corapnsing the amino acid sequence of SEQ 1D NO:63; and/or wherein the light chain variable
region comprises (1) HVR-L1 comprising the amino acid sequence of SEQ D N(O:64, (i) HVR-
2 comprising the amino acid sequence of SEQ 1D NO:65, and (1ii) HVR-L3 comprising the
amino acid sequence of SEQ 1D NO:66. In some embodiments, the antibody comprises a heavy
chain variable region comprising the amino acid sequence of SEQ 1D NO:6; and/or a hight chan
variable region comprising the amino acid sequence selected from SEQ ID NOs:160r 21, In
some embodiments, the antibody comprises a heavy chain Fe region comprising a human IgG Fo
region. In some embodiments, the human lgG Fe region comprises a human IgGl. In some
embodiments, the human IgG Fe region comprises a human igG4. In some embodiments, the
antibody comprises a heavy chain comprising the amine acid sequence of SEQ 1D NO:75;
and/or a light chain comprising the amino acid sequence selected from SEQ 1D NOs: 76 or 77.
In some embodiments, the antibody comprises a heavy chain varable region and a light chain
variable region, wherein the heavy chain variable region comprises (i) HVR-H1 comprising the
aming acid sequence of SEQ 1D NO:61, (1i) HVR-H2 comprising the amino acid sequence of
SEQ H3 NO:62, and (u1) HVR-H3 comprising the amino acid sequence selected from SEQ 1D
NQOs:67-70; and/or wherein the light chain varable region comprises (1) HVR-L1 comprising the
amino acid sequence of SEQ ID NO:64, (11} HVR-L2 compnising the amino acid sequence of
SEQ D NO:65, and (111} HVR-L3 comprising the amino acid sequence of SEQ 1D NG:71. In
some cmbodiments, the antibody comprises a heavy chain varnable region comprising the amino
acid sequence selected from SEQ ID NQs:11-14; and/or a light chain variable region comprising
the amine acid sequence selected from SEQ 1D NOs:23-24. In some embodiments, the antibody
coraprises a heavy chain variable region comprising the amine acid secquence selected from SEQ
1D NGs:2-14; and/or a light chain vanable region comprising the anuno acid sequence selected
from SEQ ID NQOs:16-24. In some embodiments, the antibody comprises a heavy chain variable
region comprising the aming acid sequence selected from SEQ 1D N{s:2-10; and/or a light

chain vanable region comprising the amino acid sequence sclected from SEQ 1D NOs:16-22. In
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some embodiments, the antibody comprises: (a) heavy chain variable region comprising: {1} an
HC-FR1 comprising the amino acid sequence selected from SEQ D NGs:26-29; (Z2) an HVR-HI
comprising the amino acid sequence of SEQ ID NG:61; (3) an HC-FRZ comprising the anino
acid sequence selected from SEQ ID NOs:31-36; (4) an HVR-H2 comprising the amimo acid
sequence of SEQ ID N(:62; (5) an HC-FR3 comprising the amino acid sequence sclected from
SEQ 13 NOs:38-43; {6} an HVR-H3 comprising the amino acid sequence of SEQ 1D NO:63;
and (7} an HC-FR4 comprising the amino acid sequence selected from SEQ 1D NOs:45-46,
and/or (b) a light cham vanable region comprising: (1) an LC-FR1 comprising the amino acid
sequence selected from SEQ 1D NOs:48-49; (2) an HVR-L1 comprising the amino acid
sequence of SEQ 13 NO:64; (3) an LC-FRZ comprising the anuno acid sequence selected from
SEQ ID NOs:51-53; (4) an HVR-L2 comprising the amino acid sequence of SEQ [D NO:65; (5)
an LC-FR3 comprising the amino acid sequence selected from SEQ ID NOs:55-58, (6) an HVR-
L3 comprising the amino acid sequence of SEQ 1D NG:66; and (7) an LC-FR4 comprising the
aming acid sequence of SEQ 1D NO:60. In some embodiments, the antibody comprises: {a)
heavy chain variable region compnising: (1) an HC-FR1 comprnising the ammo acid sequence of
SEQ ID NO:26; (2) an HVR-HI comprising the amino acid sequence of SEQ ID NO:61; (3} an
HC-FRZ comprising the amino acid sequence of SEQ 1D NO:34; (4) an HVR-H2 comprising the
amino acid sequence of SEQ 1D N3:62; (5) an HC-FR3 comprising the amino acid sequence of
SEQ ID NG:38; (6) an HVYR-H3 comprising the amino acid sequence of SEQ 1D NO:63; and (7)
an HC-FR4 comprsing the amino acid sequence of SEQ ID NOs:45; and/or (b} a light chain
variablc region comprising: (1) an LC-FRI compusing the amino acid sequence of SEQ 1D
NG:48; (2) an HVR-L1 comprising the amino acid sequence of SEQ D NO:64; (3) an LC-FR2
comprising the amino acid sequence of SEQ D NO:51; (4) an HVR-L2 comprising the amino
acid sequence of SEQ 13 NG:65; (5) an LC-FR3 comprising the amine acid sequence of SEQ
1D NG5S (6) an HVR-L3 comprising the amino acid sequence of SEQ D NO:66; and (7 an
LC-FR4 comprising the ammo acid sequence of SEQ 1D NO3:60. In some embodiments, the
antibody comprises: {a) heavy chain vanable region comprising: {1} an HC-FRI compnsing the
aming acid sequence of SEQ 1D NG:26; (2) an HVR-H1 comprising the amino acid sequence of
SEQ D NO:61; (3) an HC-FR2 compnising the amino acid sequence of SEQ [D NO:34; (4) an
HVR-H2 comprising the amino acid sequence of SEQ ID NG:62; (5} an HC-FR3 comprising the
amino acid sequence of SEQ ID NG:38; (6} an HVR-H3 comprising the amino acid sequence of

SEQ 1D NO:63; and (7) an HC-FR4 comprising the amino acid sequence of SEQ 1D NOs:45,;



WO 2018/204868 PCT/US2018/031226

and/or (b) a light chain variable region comprising: (1) an LC-FR1 comprising the aming acid
sequence of SEQ 1D NO:43; (2) an HVR-L1 comprising the amino acid sequence of SEQ ID
MNG:64; (3) an LC-FRZ comprising the amino acid sequence of SEQ ID NG:5S1; (4 an HVR-L2
comprising the anmino acid sequence of SEQ 1D NG:63; (5) an LC-FR3 comprising the amino
acid sequence of SEQ} 1D NG:38; (6) an HVR-L3 comprising the aming acid sequence of SEQ
1D NO:66; and (7) an LL-FR4 comprising the amino acid sequence of SEQ ID NG:60. In some
cmbodiments, the antibody comprises: a heavy chain variable region comprising (1) HYR-H1
comprising the amino acid sequence of SEQ 1D NO:8E, (i1) HVR-H2 comprisimg the anuno acid
sequence of SEQ 1D NO:91, and (iii) HYR-H3 comprising the amino acid sequence of SEQ 1D
MNO:94; and/or a hight chain vanable region comprising {1} HVR-L1 comprising the amino acid
sequence of SEQ I3 N(:97, (1) HVR-L2 compnising the amino acid sequence of SEQ ID
NG00, and (11} HVR-L3 comprising the amino acid sequence of SEQ 1D NG:103; a heavy
chain variable region comprising {1} HYR-HI comprising the amino acid sequence of SEQ D
NO:89, (i) HVR-H2 comprising the amino acid sequence of SEQ [D NO:92, and (111) HVR-H3
comprising the amino acid sequence of SEQ 1D NO:95; and/or a light chamn vanable region
comprising (1) HVYR-L1 comprising the amino acid seqaence of SEQ 1B NO:98, (1) HVR-L2
comprising the amino acid sequence of SEQ 1D NG:101, and (1it) HYR-L3 comprising the
amine acid sequence of SEQ 1D NO:104; or a heavy chain vanable region comprising (1) HVR-
H1 comprising the amino acid sequence of SEQ 1D NO:90, (i) HVR-H2 comprising the amino
acid sequence of SEQ 1D NG:93, and (1u) HYR-H3 comprising the anmino acid sequence of SEQ
1D NO:96; and/or a light chain variable region comprising (1) HYR-L1 comprising the amino
acid sequence of SEQ 1D NO:99, (1) HVR-L2 comprising the amino acid sequence of SEQ 1D
NG 102, and (n) HVR-L3 comprising the amino actd sequence of SEQ 1D NO:103. In some
embodiments, the antibody comprises: a heavy chain variable region comprising the amino acid
sequence of SEQ 13 NO:106; and/or a light chain variable region comprising the anuino acid
sequence of SEQ ID N(:109; a heavy chain variable region comprising the amino acid sequence
of SEQ 1D NO:107; and/or a light chain varniable region comprising the amino acid sequence of
SEQ 13 NO:110; or a heavy chain varniable region comprising the amino acid sequence of SEQ
1D NO:10%; and/or a light chain variable region compnsing the amino acid sequence of SEQ ID
NG 111 In some embodiments, the antibody is a monoclonal antibody. In some embodiments,
the antibody is an lglG1 antibody. In some cmbodiments, the antibody has been engincered (o

mmprove antibody-dependent cell-mediated cytotoxicity (ADCC) activity. In sone
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embodiments, the antibody comprises at lgast one amino acid substitution in the Fe region that
munproves ADCC activity. In some embodiments, at least one or two of the heavy chains of the
antibody is non-fucosylated. In some embodiments, the antibody is a human antibody, a
humanized antibody or a chumeric antibody. In some embodiments, the antibody comprises an
antibody fragment selected from the group consisting of Fab, Fab™-8H, Fv, scFv, and (Fab’),
fragments.

{8613} In some embodimenis of the methods described herein {e.g., supra), the antibody
comprises a Fe region and N-glveoside-hinked carbohydrate chams linked to the Fe region,
wherein less than 50% of the N-glvcoside-linked carbohydrate chains of the antibody in the
composition contain a fucose residue. In some embodumnents, substantially none of the N-
glveoside-hinked carbohvdrate chains of the antibody in the composition contain a fucose
residue. In some embodiments, the antibody binds to a human Siglee-8 and a non-human
primate Siglec-8. in some embodiments, the non-human primate is a baboon. In some
cmbodiments, the antibody binds o an cpitope in Domain 1 of human Siglec-8, wherein Domain
1 comprises the amuno acid sequence of SEQ ID NO:112. In some embodiments, the antibody
binds to an epitope in Pomain 3 of human Siglec-8, wherein Domain 3 comprises the amino acid
sequence of SEQ D NO:114. In some embodiments, the antibody binds to the same epitope as
antibody 4F11. In some embodiments, the antibody binds to an epitope mn Domain 2 or Domam
3 of human Siglec-8. In some embodiments, Domain 2 comprises the aming acid sequence of
SEQID NO:113. In some embodiments, the antibody binds to the same epitope as antibody
1C3. In some embodiments, Domain 3 comprises the amino acid sequence of SEQ 1D NO:114.
In some embodiments, the antibody binds to the same epttope as antibody 1H10. In some
embodiments, the antibody binds o an epitope in Domain 1 of human Siglec-8 and competes
with antibody 4F11 for binding to Siglec-8. In some embodiments, the antibody does not
compete with antibody 2E2 for binding to Siglec-8. fn some erabodiments, the antibody is not
antibody 2E2. In some embodiments, DBomain 1 comprises the amino acid sequence of SEQ ID
NG:112. In some embodiments, the antibody comprises a heavy chain Fo region comprising a
buman IgG Fe region. In some embodiments, the human 1gG Fe region comprises a human
1zl Foregion. In some embodiments, the human IgGi Fo region is non-fucosylated. In some
embodiments, the human IgG Fe region comprises a human 1gG4 Fe region. In some

embodiments, the human 1gG4 Fe region comprises the amino acid substitution S228P . wherein

e



WO 2018/204868 PCT/US2018/031226

the amino acid residues are numbered according to the EU index as in Kabat, In some
embodiments, the antibody depletes blood cosinophils and/or mhibits mast cell activation.
{6614} In some embodiments of the methods described herein {(e.g., supra), the composition or
antibody 1s admunistered 1n combination with one or more additional therapeutic ageni(s) for
treating or preventing an allergic ocular disease. In some embodiments, the one or more
additional therapeutic agent(s) are s¢lected from the group consisting of a corticosteroid,
antithistamine, ketotifen, azelastine, epnastine, bepostatine, cyclosporine, and a non-steroidal
anti-inflammatory agent (NSAID).

10615)  In some embodiments of the methods described herein (e.g., supra), the individual is a
human. In some embodiments, the antibody 1s in a pharmaceutical composition comprising the
antibody and a pharmaceuuically acceptable carrier.

18616} (ther aspects of the present disclosure relate to an article of manufacture comprising a
medicament comprising a composition comprising an antibody that binds to human Siglec-8 and
a package msert comprising instructions for administration of the medicament in an individual n
need thereof according to any of the above embodiments.

{88177 It 1s to be understood that one, some, or all of the properties of the various
embodiments described herein may be combined to fornm other embodiments of the present
disclosure. These and other aspects of the present disclosure will become apparent to one of skill
i the art. These and other embodiments of the present disclosure are further described by the

detailed description that follows.

DETAILED DESCRIPTION
L Definitions
{8618} It 1s to be understood that the present disclosure is not limited to particular
compositions or bivlogical systems, which can, of course, vary. It 1s also to be understood that
the terminology used herein is for the purpose of describing particular embodiments only, and 1s
not intended o be hnuting. As used m this specification and the appended claims, the singular
formas "a", "an" and "the” inclade plural referents unless the content clearly dictates otherwise.
Thus, for example, reference to "a molecule” opticnally includes a combination of two or more
such molecules, and the hike.
{8619} The term “about” as used herein refers to the usual error range for the respective valug

readily known to the skilled person in this technical field. Reference to “about”™ a value or
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parameter herein includes (and descenbes) embodiments that are directed to that value or
parameter per se.

10626} 1t 1s understood that aspects and embodiments of the present disclosure include
“comprising,” “consisting,” and “consisting essentially of” aspects and embodiments.

180211 The term “antibody” includes polyclonal antibodies, monoclonal antibodics (inchuding
full length antibodies which have an immunoglobulin Fe region), antibody compositions with
polyepitopic speciticity, multispecific antibodies {e.g., bispecific antibodics, diabodics, and
simgle~-cham molecules), as well as antibody fragments (e.z., Fab, F{ab'},, and Fv). The term
“mmunoglobulin” (Ig) is used interchangeably with “antibody” herein.

16622} The basic 4-chain antibody unit is a heterotetrameric glycoproiein composed of two
identical ight (L) chains and two dentical heavy (H) chams. An IgM antibody consists of 5 of
the basic heterotetramer units along with an additional polypeptide called a ¥ chain, and contains
10 antigen binding sites, while lgA antibodies comprise from 2-5 of the basic 4-chain units
which can polymerize to form polvvalent assemblages in combination with the § chain. In the
case of IgGs, the 4~chain unit is generally about 150,000 daltons. Each L chain 1s linked to an H
chain by one covalent disulfide bond, while the two H chains are linked to cach other by one or
morg disulfide bonds depending on the H chain isotype. Each H and L chain also has regularly
spaced intrachain disulfide brnidges. Each H chain has at the N-terminus, a variable domain (Vy)
followed by three constant domains (Cy) for each of the o and v chains and four (y domains for
u and € isotypes. Each L chain has at the N-terminus, a variable domain (V) followed by a
constant domain at its other end. The Vi s aligned with the Vi and the €y is aligned with the
first constant domain of the heavy chain {(Cyl). Particular amino acid residues are believed to
form an interface between the light chain and heavy chain variable domains. The pairing ofa Vy
and Vi together forms a single antigen-bmding site. For the structure and properties of the
different classes of antibodies, see e.g., Basic and Clinical Immunoiogy, 8th Edition, Daniel P.
Sties, Abba I Terr and Tristram . Parsolw {eds), Appleton & Lange, Norwalk, CT, 1994, page
71 and Chapter 6.

{8623} The L chain from any vericbrate species can be assigned to one of two clearly distinct
types, called kappa and lambda, based on the amino acid sequences of their constant domains.
Depending on the amino acid sequence of the constant domain of their heavy chains (CH},
mmmunoglobuling can be assigned to different classes or isotypes. There are five classes of

mmunoglobuling: IgA, IgBD, IgE, IgG and IgM, having heavy chains designated «, 8, &, v and u,
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respectively. The v and o classes are further divided into subclasses on the basis of relatively
minor differences in the CH sequence and function, e.g., humans express the following
subclasses: IgGl, 1g(G2, 1gG3, 1gG4, IgAl and IgA2. IgGl antibodies can exist in multiple
polymaorphic variants termed allotypes (reviewed in Jefferis and Letranc 2009, mAbs Vol 1
Issue 4 1-7) any of which are suitable for use in the present disclosure. Common aliotypic
variants in human populations are those designated by the letters a, £ n, =

10624}  An “isolated” antibody is one that has been identified, separated and/or recovered from
a component of its production environment {e.g., naturally or recombinantlv). In sone
embodiments, the isolated polvpeptide 1s free of association with all other components from its
production enviromment. Contaminant components of its production environment, such as that
resulting from recombinant transfected cells, arc materials that would tvpically interfere with
research, diagnostic or therapeutic uses for the antibody, and may meclude enzymes, hormones,
and other proteinaceous or non-proteinaceous solutes. In some embodiments, the polypeptide is
purified: (1) to greater than 95% by weight of antibody as determined by, for example, the
Lowry method, and in some embodiments, to greater than 99% by weight; (1) to adegree
sufficient to obtain at least 13 residues of N-terminal or mnternal amino acid sequence by usec of a
spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under non-reducing or reducing
conditions using Coomassie blue or silver stain. Isolated antibody includes the antibody in situ
within recombinant cells since at least one component of the antibody’s natural environment will
not be present. Ordinarily, however, an isolated polypeptide or antibody 1s prepared by at lsast
one purification step.

{0625} The term “monoclonal antibody” as used herein refers to an antibody obtained from a
population of substantially homogenecous antibodies, i.¢., the individual antibodies comprising
the popelation are identical except for possible naturally occurring mutations and/or post-
translation modifications {e.g., isomerizations, amidations) that may be present in ninor
amounts. in some embodiments, monocional antibodies have a C-terminal cleavage at the heavy
chain and/or light chain. For example, 1, 2, 3, 4, or 5 amino acid residues are cleaved at the C-
terminus of heavy chain and/or Hight chain. In some embodiments, the C-terminal cleavage
removes a C-terminal ysine from the heavy chain. In some embodiments, monoclonal
antibodies have an N-termmal cleavage at the heavy chain and/or light chain. For example, 1, 2,
3,4, or 5 amino acid resichies are cleaved at the N-ternuinus of heavy chain and/or light chain. In

some embodiments, monoclonal antibodies are highly specific, being directed against a single
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antigenic site. In some embodiments, monoclonal antibodies are highly specific, being directed
against mudtiple antigenic sites {such as a bispecific antibody or a multispecific antibody). The
modifier “monoclonal” indicates the character of the antibody as being obtained from a
substantially homogeneous population of antibodies, and 18 not to be construed as requiring
production of the antibody by any particolar method. For example, the monoclonal antibodies to
be used i accordance with the present disclosure may be made by a vanety of techniques,
ncluding, for example, the hybridoma method, recombinant DNA methods, phage-display
technologies, and technologies for producing human or human-like antibodies in animals that
have parts or all of the human immunoglobulin loci or genes encoding human immunoglobulin
SCQUONECSS.

{8626} The term “naked antibody™ refers to an antibody that 1s not conjugated to a cyiotoxic
moiety or radiolabel.

{8627} The terms “full-fength antibody,” “mtact antibody” or “whole antibody” are used
mterchangeably to refer to an antibodyv in its substantially intact form, as opposed to an antibody
fragment. Specifically whole antibodies include those with heavy and light chains mcluding an
Fe region. The constant domains may be native sequence constant domains {e.g., human native
sequence constant domains} or amino acid sequence variants thereof. In some cases, the intact
antibody may have one or more effector functions.

[8628] An “antibody fragment” comprises a portion of an intact antibody, the antigen binding
and/or the variable region of the intact antibody. Examples of antibody fragments include Fab,
Fab', F{ab'}, and Fv fragments; diabodies; lincar antibodies {see U.S. Pat. No. 5,641,870,
Example 2; Zapata ef o, Protein Eng. 8(10): 10537-1062 {1995]); single-chain antibody
molecules and multispecific antibodics formed from antibody fragments.

10629]  Papain digestion of antibodies produced two identical antigen-binding {fragments,
called “Fab” fragments, and a residual “F¢” fragment, a designation reflecting the ability to
crystallize readily. The Fab fragment consists of an entire L chain along with the variable region
domain of the H chain (Vy), and the first constant domain of one heavy chain {Cyl}. Each Fab
fragment is monovalent with respect to antigen binding, 7.¢., it has a singlc antigen-binding site.
Pepsin treatment of an antibody vields a single large F(ab'); fragment which roughiy corresponds
to two disulfide linked Fab fragments having different antigen-binding activity and is still
capable of cross-linking antigen. Fab' fragments differ from Fab fragments by having a few

additional residues at the carboxy ternunus of the Cyl domain including one or more cysteines
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from the antibody hinge region. Fab'-SH is the designation herem for Fab' in which the cysteine
residue(s) of the constant domains bear a free thiol group. F{ab'), antibody fragments originally
were produced as pairs of Fab' fragments which have hinge cysteines between them. Other
chemical couplings of antibody fragments are also known.

18038] The Fc fragment comprises the carboxy-terminal portions of both H chains held
together by disalfides. The effector functions of antibodies are determined by sequences in the
Fc region, the region which is also recognized by Fe receptors (FeR) found on certain types of
cells.

10631} “Fv” 1s the minimum antibody fragment which contains a complete antigen-recognition
and -binding site. This fragment consists of a dimer of one heavy- and one hight~chain vanable
region domaim m tight, non-covalent association. From the folding of these two domains
cmanate six hypervariable loops (3 loops each from the H and L chain) that contribute the aming
acid residues for antigen binding and confer antigen binding specificity to the antibody.
However, even a single varable domain {or half of an Fv comprising only three HVRs specific
for an antigen) has the ability to recognize and bind antigen, although at a lower affinity than the
entire binding site.

10632} “Single-chain Fv” also abbreviated as “sFv” or “scFv™ are antibody fragments that
comprise the VH and VL antibody domains connected into a single polypeptide chain. In some
embodiments, the sFv polypeptide further comprises a polypeptide linker between the Vyand Vi
domains which enables the skv to form the desired structure for antigen binding. For a review of
the s¥v, sec Pluckthun i The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and
Moore eds., Springer-Verlag, New York, pp. 269-315 (1994),

{8633} “Functional fragments” of the antibodigs of the present disclosure compnse a portion
of an intact antibody, generally including the antigen binding or variable region of the intact
antibody or the Fv region of an antibody which retains or has modified FcR binding capability.
Examples of antibody fragments inchude linear antibody, single-chain antibody molecules and
multispecific antibodics formed frony antibody fragments.

{0034] The monoclonal antibodics heremn specifically include “chimernic” antibodics
(immunoglobuling) in which a portion of the heavy and/or hight chain 1s identical with or
homologous to corresponding sequences in antibodies denived from a particular species or
belonging to a particular antibody class or subclass, while the remainder of the chainds) is {(are)

identical with or homologous to corresponding sequences in antibodics derived from another
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species or belonging to another antibody class or subclass, as well as fragments of such
antibodies, so long as they exhibit the desired biclogical activity (U5 Pat. No. 4,816,567,
Muorrison ef af., Proc. Nati. Acad. Sci. US4, 81:6851-6855 (1984)). Chimeric antibodics of
interest herein include PRIMATIZED® antibodics wherein the antigen-binding region of the
antibody 1s dertved from an antibody produced by, e g, immunizing macague monkeys with an
antigen of wterest. As used herein, “humanized antibody™ is used as a subset of “chimeric
antihodies.”

[B835] “Humanized” forms of non-human (e. g, murne) antibodies are chimeric antibodies
that contain minimal sequence derived from non-humean immunoglobulin. In one embodiment, a
humanized antibody 1s a human immunoglobulin {recipicnt antibody} in which residucs from an
HVR of the recipient are replaced by residues from an HVR of a non-human species (donor
antibody) such as mouse, rat, rabbit or non-human primate having the desired specificity,
affinity, and/or capacity. In some instances, FR residues of the human immunoglobulin are
replaced by corresponding non-human residues. Furthermore, humanized antibodies may
comprise residues that are not found in the recipient antibody or in the donor antibody. These
modifications may be made to further refine antibody performance, such as binding affinity . In
general, a humanized antibody will comprise substantiallv all of at least one, and typically two,
variable domains, in which all or substantially all of the hypervariable loops correspond to those
of a non-human immuonoglobulin sequence, and all or substantially all of the FR regions are
those of a human immuenoglobulin sequence, although the FR regions may include one or more
ndividual FR residue substitutions that improve antibody performance, such as binding affinity,
isomernization, tmmunogenicity, efe. In some embodiments, the namber of these amino acid
substitutions in the FR are no more than 6 in the H chain, and in the L chain, no more than 3.
The humanized antibody optionally will also comprise at least a portion of an immunoglobulin
constant region (Fc), typically that of a human immunoglobulin. For further details, see, e. g,
Tones ef al., Nature 321:522-525 (1986); Ricchmann ef af, Nature 332:323-329 (1988); and
Prosta, Curr. Op. Struct. Biol. 2:593-596 {1992}. Sece also, for example, Yaswani and Hamilton,
Amn. Allergy, Asthma & Immunol. 1:105-115 (1998); Harris, Biochem. Soc. Transactions
23:1035-1038 (1993); Hurle and Gross, Curr. Op. Biofech. 5:428-433 (1994}, and U.S. Pat. Nos.
6,982,321 and 7,087 409, In some embodiments, humanized antibodies are directed against a

single antigenic site. In some embodiments, homanized antibodies are directed against muliiple
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antigenic sites. An alternative humanization method 1s described in U.S. Pat. No. 7,981,843 and
U.S. Patent Application Publication No. 2006/0134098.

10036] The “vanable region” or “variable domain” of an antibody refers to the amino-~terminal
domains of the heavy or light chain of the antibody. The vanable domains of the heavy chan
and light chain may be referred to as “VH” and “VL”, respectively. These domains are generally
the most variable parts of the antibody (relative to other antibodies of the same class) and
contain the antigen binding sttes.

{0037} The term “hypervanable region,” “HVR,” or “HV.” when used heremn refers o the
regions of an antibody-variable domain that are hypervariable 1n sequence and/or form
structurally defined loops. Generally, antibodics comprise six HVKs; three in the VH (HI, H2,
H3), and three inthe VL (L1, 1.2, L3}. In native antibodies, H3 and L.3 display the most diversity
of the six HVRs, and H3 in particular is believed to play a unigue role in conferring fine
specificity to antibodies. See, e.g., Xu ef ol Immunity 13.37-45 {2000); Johnson and Wu in
Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press, Totowa, NJ, 2003)}. indeed,
naturally occurring camelid antibodies consisting of a heavy chain only are functional and stable
in the absence of Hght chain. Sce, e.g., Hamers-Casterman ef af., Nature 363:446-448 (1993) and
Sheniff e ol , Nature Struct. Biol. 3:733-736 (1996},

{8638} A number of HVR delineations are in use and are encompassed herein. The HVRs that
are Kabat complementarity-determining regions {CPRs} are based on scquence vanability and
are the most commonly used (Kabat er al., Sequences of Proteins of Fmmunological Interest, 5
Ed. Public Health Service, National Institute of Health, Bethesda, MD (1991)). Chothia HVERs
refer instead to the location of the structural loops (Chothia and Lesk J. Mol Biol. 196:901-917
(1987)). The “contact” HVRs are based on an analysis of the available complex cryvstal

structures. The residues from each of these HVRs are noted below.
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Loop Kabat Chothia Contact

L1 L24-1.34 126-1.34 L30-L36

12 L30-L56 L30-L36 L46-1.55

L3 L.89-L97 L91-L96 LR9-1.96

Ht H31-H335B  HZ6-H32 H30-H35B (Kabat Numbering)
Hi H31-H33 H26-H32 H30-H35 {Chothia Numbering)
H2 H30-He5 HS3-H56 H47-Hs8

H3 HOs-H102  H95-H102  H93-HI01

18639} Unless otherwise indicated, the varnable-domain residues (HVR residucs and
framework region residues) are numbered according to Kabat ef af., supra.

[0046] “Framework” or “FR” residues are those variable-domain residues other than the HVR
residues as herein defined.

{0841} The expression “variable-domain residue-numbering ag in Kabat™ or “amino-acid-
position numbering as in Kabat,” and vanations thereot] refers to the numbering systen used for
heavy-chain vanable domains or light-chain vanable domains of the compilation of antibodies in
Kabat er af ., supra. Using this numbering system, the actual linear amimo acid sequence may
contain fewer or additional anino acids corresponding to a shortening of, or insertion into, a FR
or HVR of the vanable domain. For example, a heavy-chain variable domain may include a
single amuno acid insert (residue 52a according to Kabat) after residue 52 of H2 and inserted
residues (e.g. residues 82a, 82b, and 82¢, efe. according to Kabat} after heavy-chain FR residue
82. The Kabat numbering of residues may be determined for a given antibody by alignment at
regions of homology of the sequence of the antibody with a “standard” Kabat numbered
sequence.

{0642} An “acceptor human framework” for the purposes herein is a framework comprising
the amino acid sequence of a VL. or VH framework derived trom a buman immunoglobulin
framework or a human consensus framework. An acceptor human framework “derived from™ a
human mmuonoglobulin framework or a human consensus framework may comprise the same
amino acid sequence thereof, or it may contain pre-existing amino acid sequence changes. In
some cmbodiments, the number of pre-existing amino acid changes are 10 or less, 9 or less, 8 or
fess, 7 or less, 6 or less, 5 or less, 4 or less, 3 or less, or 2 or less.

{8643} “Percent (Y6} amino acid sequence identity” with respect to a reference polypeptide
sequence 18 defined as the percentage of amino acid residues in a candidate sequence that are

wdentical with the amuno acid residues in the reference polypeptide sequence, after aligning the
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sequences and introducing gaps, if necessary, to achieve the maximum percent seguence
wdentity, and not considering any conservative substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino acid seqguence identity can be achicved in
various ways that are within the skill in the art, for instance, using publicly available computer
software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled
in the art can determing appropriate parameters for aligning sequences, including any algorithms
needed to achieve maximal alignment over the full length of the sequences being compared. For
example, the 9% amino acid sequence identity of a given amuno acid sequence A 1o, with, or
against a given amino acid sequence B (which can alternatively be phrased as a given amino
acid sequence A that has or comprises a certain % amino acid sequence identity to, with, or
against a given aminoe acid sequence B) 1s calculated as follows:

100 times the fraction X/Y
where X is the number of amino acid residues scored as identical matches by the sequence in
that program's alignment of A and B, and where Y is the total number of amino acid residues in
B. It will be appreciated that where the length of amino acid sequence A is not equal 1o the
length of amino acid sequence B, the % amino acid sequence identity of A to B will not equal
the % amino acid sequence identity of B 1o AL
{6644} An antibody that “binds 107, “specifically binds t0” or is “specific for” a particular a
polvpeptide or an epitope on a particular polyvpeptide is one that binds to that particular
polypeptide or ¢pitope on a particelar polypeptide without substantially binding to any other
polypeptide or polvpeptide cpitope. In some embodiments, binding of an anti~Siglec-8 antibody
described herein {e.g., an antibody that binds to human Siglec-8) to an unrelated non-5Siglec-8
polypeptide 18 less than about 10% of the antibody binding to Siglec-8 as measured by methods
known 1 the art {e.g., enzyme-linked immuonocsorbent assay (ELISA)). In some embodiments, an
antibody that binds to a Siglec-8 {e.g., an antibody that binds to human Siglec-8) has a
dissociation constant (Kd) of <1pM, <100 nM, <10 M, <2 oM, <1 M, <07 oM, <0 6 nM,
<0.5nM, <01 aM, <0.01 oM, or <0.001 sM (c.g. 10" Mor less, e.g. from 10° M to 1077 M,
c.g., from 107 Mto 1077 M).
[0045]  The term “anti-Siglec-8 antibody™ or “an antibody that binds to human Siglec-8" refers
to an antibody that binds to a polypeptide or an epitope of human Siglec-8 without substantially

binding to any other polypeptide or epitope of an varelated non-Siglec-8 polypeptide.
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[0846] The term “Siglec-87 as used herein refers to a human Siglec-8 protein. The term also
mchudes naturally occurring varniants of Siglec-8, including splice variants or allelic variants. The
amino acid sequence of an exeroplary human Siglec-% is shown m SEQ 1D NO:72. The amino
acid sequence of another exemplary human Siglec-8 1s shown in SEQ D N(O:73. In some
embodiments, a human Siglec-8 protein comprises the human Siglec-8 extracellular domain
fused to an immunoglobulin Fe region. The amino acid sequence of an exemplary human Siglee-
8§ extraccliular domain fused to an immunoglobulin Fe region is shown in SEQ 1D NO:74. The
ammno acid sequence underlingd in SEQ 1D NO:74 indicates the Fe region of the Siglec-8 Fe

fusion protein amino acid sequence.

Human Siglec-8 Aming Acid Sequence
GYLLOVQELVTVQEGLCVHVPCSFSYPODGWTDSDPVHGYWFRAGDRPYQDAPVATN
NPDREVQAETQGRFOQLLGDIWSNDCSLSIRDARKRDKGSYFFRLERGSMKWSYKSQLN
YRKTKQLSVEVTALTHRPDILILGTLESGHSRNLTCSVPWACKQGTPPMISWIGASVSSPG
PTTARSSVLTLTPKPOQDHGTSLTCOVTLPGTGVTTTSTVRLDVSYPPWNLTMTVFQGDA
TASTALGNGSSLESVLEGOSLRLVCAVNSNPPARLSWTRGSLTLCPSRSSNPGLLELPRVH
VRDEGEFTCRAQNAQGSQHISLSLSLONEGTGTSRPVSQVTLAAVGGAGATALAFLSFC
HFUVRSCREKKSARPAAGVGDTGMEDAKAIRGSASQGPLTESWKDGNPLEKKPPPAVAPS
SGEEGELHY ATLSFHKVKPQDPOGOEATDSEY SEIKIHKRETAETQACLRNHNPSSKEY
RG (SEQ 1D NO:72)

Human Siglec-8 Amine Acid Sequence
GYLLOVQELVTVQEGLCVHVPCSFSYPQDGWTDSDRVHGYWFRAGDRPYQDAPVATN
NPDREVOAETQGRFQLLGDIWSNDCSLSIRDARKRDKGSYFFRLERGSMEKWSYKSQLN
YRTKQLSVEVTALTHRPDILILGTLESGHPRNLTCSVPWACK QGTPPMISWIGASVSSPG
PTTARSSVLTLTPKPOQDHGTSLTCOVTLPGTGVTTTSTVRLDVSYPPWNLTMTVEQGDA
TASTALGNGSSLSVLEGOSLRLVCAVNSNPPARLSWTRGSLTLCPSRSSNPGLLELPRVH
VRDEGEFTCRAQNAQGSQHISLSLSLONEGTGTSRPYVSQVTLAAVGGAGATALAFLSEC
HFITVRSCRKKSARPAAGVGDTGMEDAKAIRGSASQGPLTESWKDGNPLKKPPPAVAPS
SGEEGELHYATLSFHKVKPGDPQGGEATDSEY SEIKIHKRETAETQACLRNHNPSSKEY
RG (SEQ ID NO73)
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Sielee-8 Fe Fusion Protein Amuno Acid Seguence
GYLLQVOQELVTVQEGLCVHVPCSFSYPQDGWTDSDPVHGYWEFRAGDRPYQDAPVATN
NPDREVQAETQGRFQLLGDIWSNDCSLSIRDARKRDKGSYFFRLERGSMKWSYKSQLN
YRTKQLSVEVTALTHRPDILILGTLESGHSRNLTCSVPWACK QGTPPMISWIGASVSSPG
PTTARSSVLTLTPKPODHGTSLTCQVTLPGTGVTTISTVRLDBVSYPPWNLTMTVEQGDA
TASTALGNGSSLSVLEGQSLRLYVCAVNSNPPARLSWTRGSLTLCPSRSSNPGLLELPRVH
VRDEGEFTCRAQNAQGSQHISLSLSLONEGTGTSRPYVSQVTLAAVGGIEGRSDKTHTCPE
CPAPELLGOGPSVELFPPEPRDTLMISRTPEVICVVVDVSHEDPEVKINWYVDGVEVHNA
KTKPREEQYNSTYRVVSVETVEHODWINGKEYKCKYVSNKALPAPIEKTISKAKGOPRE
POVYTLPPSREEMTENQVSLTCLVEGEFYPSDIAVEWESNGOPENNYKTIPPVEDSDGSTE
FLYSKLTVDESRWOQOGNVESCSVMHEALHNHY TOESLSLSPGE (SEQ ID NGO 74)

{8647} Antibodics that “induce apoptosis™ or are “apoptotic” are those that induce
programmed cell death as determined by standard apoptosis assays, such as binding of annexin
YV, fragmentation of DNA, cell shrinkage, dilation of endoplasmic reticulum, cell fragmentation,
and/or formation of membrane vesicles {called apoptotic bodies). For example, the apopiotic
activity of the anti-Siglec-8 antibodies {e.g., an antibody that binds to human Siglec-8) of the
present disclosure can be shown by staining cells with annexin V.

18048} Antibody “effector functions™ refer to those biclogical activities attributable to the Fe
region {a native sequence Fe region or aming acid sequence variant Fe region) of an antibody,
and vary with the antibody 1sotype. Examples of antibody effector functions mnclude: Clg
binding and complement dependent cytotoxicity; Fe receptor binding; antibodv-dependent cell-
mediated cvictoxicity (ADCC); phagocytosis; down regulation of cell surface receptors (e.g, B
cell receptors); and B cell activation

[0049]  “Anubody-dependent cell-mediated cytotoxicity” or “ADCC” refers to a form of
cytotoxicity in which secreted Ig bound onto Fo receptors (FeRs) present on certain cytotoxic
cells {e.g., natural killer (NK} cells, neutrophils and macrophages) enable these cytotoxic
ctfector cells to bind specifically to an antigen-bearing target ccll and subsequently kill the target
cell with cviotoxins. The antibodies “arm”™ the cviotoxic cells and are required for killing of the
target cell by this mechanism. The primary cells for mediating ABCC, NK cells, express FeyRI
only, whereas monocytes express FeyRI, FeyRII and FeyREHL Fe expression on hematopoietic

cells is summarized in Table 3 on page 464 of Ravetch and Kinet, Anan. Rev. Immunol. 9: 457-
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92 (1991). In some embodiments, an anti-Siglec-8 antibody (e.g., an antibody that binds to
human Siglec-8) deseribed herein enhances ADCC. To assess ADCC activity of 3 molecule of
mterest, an in virro ADCC assay, such as that described in U.S. Pat. No. 5,500,362 or 5,821,337
may be performed. Useful effector cells for such assayvs mclude peripheral blood mononuciear
cells (PBMC) and natural killer (NK) celis. Alternatively, or additionally, ADCC activity of the
molecole of interest may be assessed in vivo, e.g., in an animal model such as that disclosed 1n
Clynes ef al., PNAS USA 95:652-656 (1998). Other Fe variants that alter ADCC activity and
other antibody properties include those disclosed by Ghetie et al., Nat Biotech. 15:637-40, 1997,
Duncan et al, Nature 332:563-564, 1988; Lund et al., J. Immunol 147:2657-2662, 1991; Lund ot
al, Mol Immunol 29:53-39, 1992, Alegre ct al, Transplamtation 37:1537-1543, 1994, Hutchins ¢t
al., Proc Nath. Acad Sci USA 92:11980-11984, 1993, Jefferis et al, Imomunol Lett. 44:111-117,
1995; Lund et al., FASEB J9:115-119, 1995, Jeffenis et al, Immunol Lett 54:101-104, 1996;
Lund et al, J bnmunol 157:4963-4969, 1996; Armour et al, Eur J Immunol 29:2613-2624, 1999;
Idusogic ¢t al, J Immunol 164:4178-4184, 200; Reddy et al, J Immunol 164:1925-1933, 2000,
Xu et al., Cell Immunol 200:16-26, 2000; Idusogie et al, J Immunol 166:2571-2375, 2001;
Shields et al., § Biol Chem 276:6591-6604. 2001 Jefferis et al, Immunol Lett 82:57-65. 2002;
Presta et al., Biochem Soc Trans 30:487-490, 20072; Lazar et al., Proc. Natl. Acad. Sci. USA
103:4005-4010, 2006, U5 Pat. Nos. 5,624,821, 5,885,573, 5,677,425, 6,165,745, 6,277 375,
5,869.046; 6,121,022; 5,624,821, 5,648,260, 6,194,551, 6,737,056, 6,821,505: 6,277,375
7,335,742, and 7,317,091,

{0058] The term “Fc region” berein is used to define a C-terminal region of an
mmunoglobulin heavy chain, including native-sequence Fe regions and variant Fe regions.
Although the boundaries of the Fc region of an immunoglobulin heavy chain might vary, the
human 1gG heavy-chain Fo region is usually defined to sireich from an amino acid residue at
position Cys226, or from Pro230, to the carboxvi-terminus thereof. Suitable native-sequence Fe
regions for use in the antibodies of the present disclosure include human IgGl, G2, 1eG3 and
1sG4. A single aming acid substitution {8228 according to Kabat numbering; designated
1gG4Proy may be introduced to abolish the heterogeneity observed in recombinant IgG4
antibody. See Angal, 5. et ai. (1993) Mol Immunol 30, 105-108.

{8631}  “Non-fucosylated” or “fucose-deficient” antibody refers to a glveosylation antibody
variant comprising an Fc region wherein a carbohydrate structure attached to the Fo region hag

reduced fucose or lacks fucose. In some embodiments, an antibody with reduced fucose or
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lacking fucose has mmproved ADCC function. Non-fucosylated or fucose-deficient antibodies
have reduced fucose relative to the amount of fucose on the same antibody produced 10 a cell
line. In some embodiments, a non-fucosylated or fucose-deficient antibody composition
contemplated heremn is a composition wherein less than about 30% of the N-linked glycans
attached to the Fe region of the antibodies in the composition comprise fucose.

{8052] The terms "fucosylation” or “fucosvlated” refers to the presence of fucose residues
within the oligosaccharides attached to the peptide backbone of an antibody. Specifically, a
fucosyiated antibody comprises o (1,6)-linked fucose at the innermost N-acetyiglucosamine
{GlcNAc) residue in one or both of the N-linked oligosaccharides attached to the antibody Fo
region, ¢.g. at position Asn 297 of the human IgG1 Fc domain (EU numbering of Fe region
residues). Asn?97 may also be located about + 3 amino acids upstream or downstream of
position 297, 1.¢. between positions 294 and 300, due to minor sequence variations in
immunoglobulins.

[0053] The "degree of fucosylation” is the percentage of fucosylated oligosaccharides relative
to all oligosacchandes identified by methods known in the art e.g., in an N-glycosidase F treated
antibody composition assessed by matrix-assisted laser desorption-ionization time-of-flight mass
spectrometry (MALDI-TOF MS). In a composttion of a "fully fucosvlated antibody" essentially
all ohigosaccharides comprise fucose residues, i.¢. are fucosyviated. In some embodiments, a
composition of a fully fucosylated antibody has a degree of fucosylation of at least about 90%.
Accordingly, an individual antibody in such a composition typically comprises fucose residues
in cach of the two N-linked oligosaccharides in the Fe region. Conversely, in a composition of a
“fully non-fucosylated” antibody essentiallv none of the oligosaccharides are fucosylated, and an
mdividual antibody in such a composition does not contain fucose residues in either of the two
N-linked oligosaccharides in the Fe region. In some embodiments, a composition of a fully non-
fucosylated antibody has a degree of fucosvlation of less than about 10%. In a composition of a
"partially fucosviated antibody” only part of the oligosaccharides comprise fucose. An mdividual
antibody in such a composition can comprise fucose residues in none, one or both of the N-
linked oligosacchandes in the Fe region, provided that the composition does not comprise
essentially all individual antibodies that lack fucose residues in the N-linked oligosacchanides in
the Fe region, nor essentially all individual antibodies that contain focose residues in both of the

N~ hinked oligosaccharides in the Fe region. In one embodiment, a composition of a partially
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fucosylated antibody has a degree of fucosylation of about 10% to about 80% (e.g., about 50%
to about 80%, about 60% to about 80%. or about 70% to about 80%).

[0054] “Binding affunty” as used herein refers to the strength of the non-covalent interactions
between a single binding site of a molecule (e.g., an antibody) and its binding partner {e.g., an
antigen). In some embodiments, the binding affinity of an antibody for a Siglec-8 (which may be
a dimer, such as the Siglec-8-Fc¢ fusion protein described herein) can generally be represented by
a dissociation constant (Kd). Affinity can be measured by common mcthods known in the art,
meluding those descrnibed herein.

{0655]  “Binding avidity” as used herein refers to the binding strength of multiple binding sites
of a molecule {e.g., an antibody) and its binding partner {e.g., an antigen).

[8656] An “isolated” nucleic acid molecule encoding the antibodies herein is a nucleic acid
molecule that is identified and separated from at least one contaminant nucleic acid molecule
with which it is ordinarily associated in the environment i which it was produced. In some
cmbodiments, the tsolated nucleic acid is free of association with all componenis associated with
the production environment. The isolated nucleic acid molecules encoding the polypeptides and
antibodies hergin is in a form other than i the form or setting in which it is found in nature,
Isolated nucleic acid molecules therefore are distingunished from nucleic acid encoding the
polvpeptides and antibodies herein exasting naturally in cells.

{86577 The term “phamaceutical formulation” refers to a preparation that 15 in such form as {o
permit the biological activity of the active ingredient to be effective. and that contains ne
additional components that are unacceptably toxic to an individual to which the formulation
would be administered. Such formulations are sterile.

[8638] “Carriers” as used herein include pharmaceutically acceptable carriers, excipients, or
stabilizers that are nontoxic to the cell or mammal being exposed thereto at the dosages and
concentrations emploved. Often the physiologicallv acceptable carrier is an agueous pH butfered
sohution. Examples of physiologically aceeptable carriers include buffers such as phosphate,
citrate, and other organic acids; antioxadants including ascorbic acid; low molecular weight (less
than about 10 residues) polvpeptide; proteins, such as serum albumin, gelatin, or
mmunoglobuling; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, ghitamine, asparagine, arginine or lysine; monosaccharnides, disaccharides, and other

carbohvdrates including glucose, mannose. or dextrins; chelating agents such as EDTA; sugar
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alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; and/or nonitonic
surfactants such as TWEEN™ nolyethyiene glycol (PEG), and PLURONICS™

[065%)  As used herein, the term “treatment” or “treating” refers to clinical intervention
designed to alter the natural course of the individual or cell being treated during the course of
clinical pathology. Desirable effects of treatment mclude decreasing the rate of disease
progression, ameliorating or pailiating the discase state, and remission or improved prognosis.
An individual is successfully “treated”, for example, 1f one or more symptoms associated with a
disease {e.g., an allergic ocular disease) are mifigated or eliminated. For example, an mdividual
1s successfully “treated” if treatment results i increasing the quality of life of those suffering
from a disease, decreasing the dose of other medications required for treating the discase,
reducing the frequency of recurrence of the disease, lessening severity of the disease, delaying
the development or progression of the disease, and/or prolonging survival of individuals.

{8668}  As used herein, “in conjunction with” or “m combination with” refers to adnunistration
of one treatment modality in addition to another treatment modality. As such, “in conjunction
with” or “in combination with” refers to admunistration of one treatment modality before, during
or after administration of the other treatment modality to the mdividual.

{00611  As used herein, the term “prevention” or “preventing” includes providing prophylaxis
with respect to occurrence or recurrence of a disease in an individual. An individual may be
predisposed to a disease, susceptible to a disease, or at risk of developing a disease, but has not
vet been diagnosed with the discase. In some embodiments, anti-Siglec-8 antibodies {e.g., an
antthody that binds to human Siglec-8) described herein arc used to delay development of a
disease {e.g., an allergic ocular disease).

{0862}  As used herein, an individual “at risk”™ of developing a disease {e.g., an allergic ocular
disease) may or may not have detectable disease or symptoms of disease, and may or may not
have displayed detectable discase or symptoms of disease prior to the treatment methods
described herein. “At risk™ denotes that an mdividual has one or more risk factors, which are
measurable parameters that correlate with development of the disease (e.g.. an allergic ocular
diseasc), as known in the art. An individual having one or more of these risk factors has a higher
probability of developing the disease than an mdividual without one or more of these risk
factors.

10063} An “effective amount” refers to at least an amount effective, at dosages and for periods

of time necessary, to achieve the desired or indicated effect, including a therapeutic or
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prophylactic result. An effective amount can be provided in one or more administrations. A
“therapeutically effective amount™ is at least the minimum concentration required to effect a
measurable tmprovement of a particular disease. A therapeutically effective amount herein may
vary according to factors such as the disease state, age, sex, and weight of the patient, and the
ability of the antibody to elicit a desired response in the individual. A therapeutically effective
amount may also be one in which any toxic or detrimental effects of the antibody are
outweighed by the therapeutically beneficial effects. A “prophvlactically effective amount”
refers 1o an amount effective, at the dosages and tor periods of time necessary, to achicve the
desired prophylactic result. Typically but not necessarily, since a prophylactic dose is used in
mdividuals prior to or at the earlier stage of disease, the prophylactically effective amount can be
less than the therapeutically effective amount.

18664} “Chronic” adounistration refers to administration of the medicament(s} in a continucus
as opposed to acute mode, so as to maintain the initial therapeutic effect {activity) for an
extended period of time. “Intermittent” administration is treatment that is not consecutively done
without interruption, but rather 1s cvelic in nature.

{0865}  The term “package msert” 1s used to refer to mstroctions customarily included m
commercial packages of therapeutic products, that contain information about the indications,
usage, dosage, administration, combination therapy, contraindications and/or wamings
concerning the use of such therapeutic products.

{8666} As used herein, an “individual” or a “subject” is a mammal. A “mammal” for purposes
of treatment includes humans, domestic and farma animals, and zoo, sports, or pet animals, such
as dogs, horses, rabbits, cattle, pigs, hamsters, gerbils, mice, ferrets, rats, cats, efe. In some
embodiments, the individual or subject i3 a human.

H, Methods

{0667} Provided herein are methods for treating and/or preventing an allergic ocular disease
{e.g., allergic conjunctivitis, keratoconpunctivitis, or giant papillary confunctivitis} i an
imdividual comprising administering to the individual an effective amount of an antibody
described herein that binds to human Siglec-8 (e.g., an anti-Siglec-8 antibody) or compositions
coraprising said antibodies. In some embodiments, the antibody is in a pharmaceutical
composition comprising the antibody and a pharmacestically acceptable carrier. In some
embodiments, the individual 15 a human.

A. Allergic Ocular Diseases
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[0068] Certain aspects of the present disclosure relate to individuals with an allergic ocular
disease {e.g., allergic conjunctivitis, keratoconjunctivitis, or giant papillary conjunctivitis). In
some cmbodiments, the individual has allergic conjunctivitis. In some embodiments, the
mdividual has atopic keratoconjunctivitis. In some embodiments, the individual has vernal
keratocomunctivitis. In some embodiments, the individual has gilant papillary conpunetivitis,
{8669} In some embodiments, the individual has been diagnosed with allergic conjunciivitis.
In some embodiments, the individual is at risk of developing allergic conjunctivitis. Allergic
conjunctivitis refers to a number of allergic ocular diseases characterized by a type 1
hvpersensitivity (7. e., IgE-mediated) allergic reaction in the conjunctiva. Both seasonal and
perennial forms are known, including seasonal allergic conjunctivitis, perennial allergic
conjunctiviiis {e.g., atopic conjunctivitis or atopic keratoconjunctivitis), and vernal
keratoconjonctivitis.

18678} In some embodiments, the individual has been diagnosed with atopic or vernal
keratoconjunctivitis or is at risk of developing atopic or vemal keratoconjunctivitis. Both forms
of keratoconjunctivitis are characterized by allergic mflammation of the ocular surface,
mcluding itching, redness, swelling, and discharge. Individuals with vernal keratoconjunctivitis
typically also present with giant papillae on the upper tarsal conjunctiva, whercas giant papillac
may or may not be present in atopic keratoconjunctivitis {La Rosa, M. eraf. (2013} fral J.
Pediatr. 39:18), While vernal keratoconjunctivitis is only seen in warm weather, atopic
keratoconjunctivitis can be observed with little or no seasonal variation.

{8671}  In some embodiments, the individual has been diagnosed with giant papillary
conjunctivitis or is at risk of developing giant papillary conjunctivitis. Giant papiliary
conjunctivitis 1s characterized by papillary hypertrophy (e.¢., of the superior tarsal conjunctiva).
Often, irritation and gk production are caused by contact lens usage, e.g., from protein buildup
and/or mechanical tritation.

180721 Symptoms of allergic ocular discases can inclade, without Hmitation, conjunctival
itching, conjunctival redness, conjunctival swelling, ocular discharge, ulceration {e. 2., comeal
ulceration), tearing, lid hypertrophv, crusting, symblepharon, periocular eczema, madarosis,
photophobia, keratitis, giant papillae, eve pain, foreign body sensation, and cataracts.

{88731  The terms “reference” or “reference value” used interchangeably herein can refer to a
measurement or characterization of a vahie or symptom in an mdividual without an allergic

ocular discase (or in a group of such individuals). A “refercnce value” can be an absolute value;
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arelative value; a value that has an upper and/or lower himit; a range of values; an average
value; a median value; a mean value; or a value as compared to a baseline value. Sinularly, a
“baseline value” can be an absolute value; a relative value; a value that has an upper and/or
fower limit; a range of values; an average value; a median value; a mean value; or a value as
compared to a reference value. A reference value can be obtained from one individual, from two
different individuals or from a group of individaals {e.g., a group of two, three, four, five or
more individuals). In some embodiments, a reference value refers to a standard or benchmark
value in the field. In some embodiments, a reference value refers to a value caleulated de novo
from one or more individuals {e.g., without an allergic ocular discase).

{0074} 1o some embodiments, a conjunctival scraping obtained from the individual comprises
cosinophils. Examining a conjunctival scraping for the presence of eosinophils can be used to
diagnose an allergic ocular disease {e.g., vernal keratoconjunctivitis, as described in Bonini, 5. ef
al. (2004 Fye 18:345-351); however, cosinophilic infiltration may exist in deeper conjunctival
tissucs that are not accessible to superticial scraping (see Abelson, MLB. er a/. (1983} Arch.
Ophthalmol. 101:555-556).

{8875}  In some embodiments, a serom sample obtained from the individual has increased IgE,
as compared to an individual without an allergic ocular discase. In some embodiments, a tear
sampie obtained from the mdividual has increased Igk, as compared to an individual without an
allergic ocular discase. Techniques for measuning IgE levels in a tear sample are known m the
art; see, e.g.. the Allerwatch® immunochromatography test for total tear [gE (Hitachi Chemical
Co.). Technmques for measurning IgE levels in a serum sample are also known in the art (.2,
sandwich radicimmunoassay}, and normal ranges for mean IgE concentration in a serum sample
obtained from patients of various ages have been described (see Homburger HA: Allergic
discases. fn Clinical Diagnosis and Management by Laboratory Mcthods. 215t edition. New
York, WB Saunders Company, 2007, pp 961-971}.

{8676} In some embodiments, an epicutancous or intracutancous allergy test administered to
the individual using an allergen results in an allergic response. Methods for epicutansous (e. g,
skin prick, scratch, puncture, or patch test) and intracutancous {(e.g., intradermal) allergy testing
arc known in the art. Typically, a small amount of one or more allergens are introduced into a
small arga of the skin {e.g., through epicutaneous or intracutaneous routes, such as a needle prick
or injection}, then monitored by physician for an allergic response {e.g., redness, swelling,

tiching, wheal formation, etc.}. In some embodiments, an allergic response is indicative of an

D4~



WO 2018/204868 PCT/US2018/031226

IgE-mediated reaction. For allergic ocular diseases, epicutaneous or infracutanecus allergy
testing can be performed for hypersensitivity to airborne allergens, including without himitation

dust mites, pet dander, and pollen.

B. Response to Treatment
{8677}  In some embodiments, administering to an individual as described herein {e. g, an
mdividual having an allergic ocular disease) an effective amount of an antibody described hercin
that binds to human Siglec-8 (e.g., an anti-Siglec-8 antibody) reduces one or more {e.g., one or
morg, two of more, three or more, four or more, efc. ) symptoms in the individual, as compared to
a bascline level before admimistration of the antibody.

L3

{8678} The terms “baseline” or “baseline value™ used mterchangeably herein can referfo a
measurement or characterization of a symptom before the administration of the therapy {e.2., an
anti-Siglec-8 antibody} or at the beginning of administration of the therapy. The baseline vahue
can be compared to a reference value i order to determine the reduction or improvement of a
symptom of an allergic ocular disease contemplated herein. A reference value and/or baseline
value can be obtained from one individual, from two different individuals or from a group of
mdividuals {e.g., a group of two, three, four, five or more individuals}).

{8679} Response to treatment in mdividuals with an allergic ocular discase can be assessed by
methods known in the art. For example, response to treatment in an individual with an allergic
ocular disease {e.g., allergic conjunctivitis, keratoconjunctivitis, or giant papillary conjunctivitis)
can be the reduction or improvement of any symptom thercof deseribed herein. Symptoms of
allergic ocular disease can include, but are not himited to, conjunctival itching, conjunctival
redness, conjunctival swelling, ocular discharge, uleeration, tearing, lid hypertrophy, crusting,
symblepharon, periccular eczema, madarosis, photophobia, keratitis, giant papillag, and
cataracts. Kesponse to treatment may result in complete remission (CR), partial remission (PR),
or g clinical improvement (Cl) of an allergic ocular disease (.2, allergic conpunctivitis,
keratoconjunctivitis, or giant papillary conjunctivitis) in an mdividual,

{0080] Techniques for measuring response to treatment for an allergic ocular disease {e. g,
allergic conjunctivitis, keratoconjunctivitis, or giant papillary conjunctivitis) are known in the
art. For example, technigques for measuring response to treatment can include without fimitation
a lessening in one or more clinical symptors {e.g., as described supra}, conjunctival scraping

{e.g., for detection of cosinophils), and Igk testing i serum and/or tear samples. In some
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embodiments, an Allergic Conjunctivitis Symptom (ACS) Questionnaire is used to evalaate
symptoms associated with an allergic ocular disease {e.g., allergic conjunctivitis,

keratoconjunctivitis, or giant papillary conjunctivitis),

C. Administration
{8681} For the prevention or treatment of disease, the appropriate dosage of an active agent,
will depend on the type of disease o be treated, as defined above, the severity and course of the
discase, whether the agent is adminstered for preventive or therapeutic purposes, previous
therapy, the individual's clinical history and response to the agent, and the discretion of the
attending phvsician. The agent is suitably admiumstered to the individual at onc time orover a
series of treatments. In some embodiments, an mierval between adnunistrations of an anti-
Siglec-8 antibody {e.g., an antibody that binds to human Siglec-8) described herein is about one
month or longer. In some embodiments, the interval between administrations is about two
months, about three months, about four months, about five mouths, about six months or longer.
As used herein, an interval between administrations refers to the time period between one
administration of the antibody and the next administration of the antibody. As used herein, an
mterval of about one month includes four weeks. Accordingly, in some embodiments, the
mierval between admimstrations 1s about four weeks, about five wecks, about six weeks, about
seven weeks, about eight weeks, about nine weeks, about ten weeks, about eleven weeks, about
twelve weeks, about sixteen weeks, about twenty weeks, about twenty four weeks, or longer. In
some embodiments, the treatment includes multiple adounistrations of the antibody, wherein the
mierval between adnunistrations may vary. For example, the interval between the first
administration and the second administration is about one month, and the mtervals between the
subsequent administrations are about three months. In some embodiments, the interval between
the first adnunistration and the second adnunistration 15 about one month, the mterval between
the second admunistration and the third adounistration is about two months, and the mtervals
between the subsequent administrations are about three months. In some embodiments, an anti-
Siglec-8 antibody described herein {e.g., an antibody that binds to human Siglec-8) is
administered at a flat dose. In some embodiments, an anti-Siglec-8 antibody described herein
{e.g., an antibody that binds to human Siglec-8) 18 administered to an individual at a dosage from
about 0.1 mg to about 1800 mg per dose. In some embodiments, the anti-Siglec-8 antibody {e.g.,

an antibody that binds to human Siglec-8} 1s administered to an individual at a dosage of about
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any of 0.1 mg, 0.5 mg, 1 mg, 3 mg, 10 mg, 20 mg, 30 mg, 40 mg, 30 mg, 60 mg, 70 mg, 80 mg,
S0 mg, 100 mg, 150 mg, 200 mg, 230 mg, 300 mg, 350 mg, 400 mg, 450 mg, 500 mg, 550 mg,
600 mg, 650 mg, 700 mg, 750 mg, 800 mg, 830 mg, 900 mg, 950 mg, 1000 mg, 1100 mg, 1200
mg, 1300 mg, 1400 mg, 1300 mg, 1600 mg, 1700 mg, and 1800 mg per dose. In some
embodiments, an anti-Siglec-8 antibody described herein {e.2., an antibody that binds to human
Siglec-8) 1s administered to an individual at a dosage from about 1530 mg o about 450 myg per
dose. In some cmbodiments, the anti-Siglee-8 antibody (2. 2., an antibody that binds to human
Siglec-8) 1s admimstered to an individual at a dosage of about any of 150 mg, 200 mg, 250 mg,
300 mg, 350 mg, 400 mg, and 450 mg per dose. In some embodiments, an anti-Siglec-8 antibody
described herein {e. 2., an antibody that binds to human Siglec-8) is administered to an individual
at a dosage from about 0.1 mg/kg to about 20 mg/kg per dose. In some embodiments, an anti-
Siglec-8 antibody described herein {(e.g., an antibody that binds to human Siglec-8} is
administered to an individual at a dosage from about 0.61 mg/kg to about 10 mg/ke per dose. In
some embodiments, an anti-Siglec-8 antibody described herein {e.g., an antibody that binds to
human Siglec-8) is administered to an mdividual at a dosage from about 8.1 mg/kg to about 10
mg/ke or about 1.0 mg/kg to about 10 mg/kg. In some embodiments, an anti-Siglec-8 antibody
descnbed herein is administered to an individual at a dosage of about any of 0.1 mg/kg, 0.5
mg/kg, 1.0 mg/ke, 1.5 mg/ke, 2.0 mg/ke, 2.5 mg/kg, 3.0 mg/ke, 3.3 mgke, 4.0 mgkg, 4.5
mg/kg, 5.0 me/kg, 5.5 mg/kg, 6.0 mg/kg, 6.5 mg/kg, 7.0 mg/ke, 7.5 mgke, 8.0 mgkg, 8.5
mg/kg, 9.0 mg/kg, 9.5 mg/kg, or 10.0 mg/kg. Any of the dosing frequency described above may
be used. Any dosing frequency described above may be used in the methods or uses of the
corapositions described herein. Efficacy of treatment with an antibody described herein (e.g., an
antibody that binds to human Siglec-8} can be assessed using any of the methodologies or assays
described herein at intervals ranging between ¢very week and every three months. In some
embodiments, cfficacy of treatment (e.g., reduction or improvement of one or more symptoms)
is assessed about every one month, about gvery two months, about every three months, about
every four months, about every five months, abowt every six months or longer after
administration of an antibody that binds to human Siglec-8. In some entboduments, cfficacy of
treatment (e.g., reduction or improvement of one or more svmptoms) 1s assessed about every one
week, about every two weeks, about every three weeks, about every four weeks, about gvery five

weeks, about every six weeks, about every seven weeks, about every eight weeks, about every
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nine weeks, about every ten weeks, about every ¢leven weeks, about every twelve weeks, about
avery sixteen weeks, about every twenty weeks, about every twenty four weeks, or longer,
{00682} In certain embodiments, an anti-Siglec-8 antibody described herein {e.g., an antibody
that binds to human Siglec-8) is adminstered to an mdividual monthly at a dosage of up to
3.0mg/kg by intravenous infusion. In certain embodiments, an anti-Siglec-8 antibody described
herein {e.g., an antibody that binds to human Siglec-8} is administered to an imdividual monthly
at a dosage of up to 3.0mg/kg by subcutancous injection. In certain emboduments, an anti-
Sigiec-8 antibody described herein (e.g., an antibody that binds to human Siglec-8) 1s
adoinistered to an individual every four weeks at a dosage of up to 3. Omg/kg by mtravenous
mfusion. In certain embodiments, an anti-Siglec-8 antibody described herein {e.g., an antibody
that binds to human Siglec-8) is admimstered to an individual every four weeks at a dosage of up
to 3.0mg/kg by subcutaneous injection.

{0683} Antibodics described herein that bind to human Siglec-8 can be used either alone orin
cormbination with other agents in the methods described herem. For instance, an antibody that
binds to a human Siglec-8 may be co~administered with one or more {e.g., one or more, two or
more, three or more, four or more, efe.) additional therapeutic agents for treating and/or
preventing an allergic ocular disease (e g.. allergic conjunctivitis, keratoconjunctivitis, or giant
papillary conjunctivitis). Therapeutic agents contemplated herein include, but are not himuted to,
a corticosteroid {e.g., budesonide, dexamethasone, hydrocortisong, methyvlpredoiscione,
prednisclone, or predisone), antihistamine {e.g., levocabastine hydrochloride or olopatadine),
ketotifen, azelastine, epinastine, bepostatine, cyclosporine, and a non-steroidal anti-
mflammatory agent (NSAID).

[3884] Such combination therapies noted above encompass combined administration (where
two or more therapeutic agents are included 1o the same or separate formulations), and separate
adnunistration, in which case, adnunistration of the antibodyv of the present disclosure can occur
prior to, simeltancously, and/or following, administration of the one or more additional
therapeutic agents. In some embodiments, administration of an anti-Siglec-8 antibody described
herein and adnunistration of one or more additional therapeutic agents occur within about one
month, about two months, about three months, about four months, about five months or about
six months of cach other. In some embodiments, administration of an anti-Siglec-8 antibody
described herein and administration of one or more additional therapeutic agents occur within

about one week, about two wecks or about three weeks of cach other. In some embodiments,
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administration of an anti-Siglec-8 antibody described herein and admimstration of one or more
additional therapeutic agents occur within about one day, about two days, about three days,
about four days, about five days, or about six days of each other.
{6685} Anti-Siglec8 antibodies and/or one or more additional therapeutic agents may be
administered via any suitable route of administration known in the art, including, without
hmitation, by oral adounistration, sublingual administration, buccal administration, topical
administration, rectal administration, via inhalation, transdermal adnunistration, subcutaneous
mjection, intradermal injection, intravenous (1V) injection, intra-arterial injection, mtramuscular
mjection, mtracardiac injection, intracssecus injection, mtraperitoneal injection, transmucosal
administration, vaginal administration, intravitreal administration, intra-articular administration,
peri-articular administration, local administration, epicutancous admimistration, or any
combinations thereof,

D. Antibodies
[0086] Certain aspects of the present disclosure provide isolated antibodics that bind to a
human Siglec-8 {e.g., an agonist antibody that binds to human Siglec-8). In some embodiments,
an anti-Siglec-8 antibody described herein has one or more of the following characteristics: (1}
binds a human Siglec-8; (2) binds 1o an extracellular domain of a human Siglec-8; (3) binds a
human Siglec-8 with a higher affinity than mouse antibody 2E2 and/or mouse antibody 2C4; (4)
binds a human Siglec-8 with a higher avidity than mouse antibody 2E2 and/or mouse antibody
2C4; (5) has a Ty of about 70°C-72°C or higher in a thermal shift assay; {6) has a reduced degree
of fucosylation or is non-fucosylated; (7} binds a buman Siglec-8 expressed on cosmophils and
mduces apoptosis of cosinophils; (8) binds a human Siglec-8 expressed on mast cells and
depletes or reduces the number of mast cells; (9) binds a human Siglec-8 expressed on mast cells
and inhibits FeeRI-dependent activities of mast cells {e.g., histamine release, PGD,; release, Ca™
flux, and/or B~hexosaminidase release, etc.); {10) has been engincered to tmprove ADCC
activity; (11) binds a human Siglec-8 expressed on mast cells and kills mast cells by ADCC
activity {(in vitro, and/or in vive), (12} binds to Siglec-8 of a human and a non-human primate;
{13} binds to Domain 1, Domain 2, and/or Domain 3 of human Siglec-%, or binds a Siglec-§
polypeptide comprising Domain 1, Domam 2, and/or Domain 3 of human Siglec-8 (c.g., fusion
proteins described herein}; and (14) depletes activated cosinophils with an ECs; less than the
ECs of mouse antibody 2E2 or 2C4. Any of the antibodies described in U8, Pat. No. 9,546 215

and/or W(O2015089117 may find usce in the methods, compositions, and kits provided heremn.
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{08871  In one aspect, the present disclosure provides antibedies that bind to a human Siglec-8.
In some embodiments, the human Siglec-8 comprises an aming acid sequence of SEQ D
MNO:T2. 1o some embodiments, the human Siglec-8 comprises an amino acid sequence of SEQ
ID NG:73. In some embodiments, an antibody described herem binds to a human Siglec-8
expressed on mast cells and depletes or reduces the mumber of mast celis. In some embodiments,
an antibody described herein binds o a human Siglec-8 expressed on mast cells and inhibits
mast cell-mediated activity.

[B088] In one aspect, the invention provides antibodies that bind o a human Siglec-8. In some
embodiments, the human Siglec-8 comprises an amino acid sequence of SEQ ID NG72. In
some cmbodiments, the buman Siglec-§ comprises an amino acid sequence of SEQ 1D NO:73.
In some embodiments, the antibody described herein binds to an epitope in Domain | of human
Siglec-&, wherein Bomain 1 comprises the amino acid sequence of SEQ 1D NO: 112, In some
embodiments, the antibody described herein binds {0 an epitope in Domain 2 of human Siglec-8,
wherein Domain 2 comprses the amino acid sequence of SEQ 1D NG: 113, fo some
embodiments, the antibody described herein binds to an epitope in Domain 3 of human Siglec-§,
wherein Bomain 3 comprises the amino acid sequence of SEQ ID NG: 114, In some
embodiments, the antibody described herein binds to a fusion protein comprising the amino acid
of SEQ 1D NO:116 but not 1o a fusion protein comprising the amino acid of SEQ ID NG: 115 In
some embodiments, the antibody described herein binds to a fusion protein comprising the
aming acid of SEQ D NG:117 but not to a fusion protein comprising the amino acid of SEQ (D
NO:115. In some embodiments, the antibody described herein binds to a fusion protein
coraprising the amino acid of SEQ ID NG:117 but not to a fusion protein comprising the amino
acid of SEQ ID NO:116. In some embodiments, the antibody described herein binds to a lincar
epitope in the extracellular domain of human Siglec-8. In some embodiments, the antibody
described berein binds o a conformational epitope in the extraceliular domain of buman Siglec-
8. In some embodiments, an antibody described herein binds to a human Siglec-8 expressed on
eosinophils and nduces apoptosis of eosinophils. In some embodiments, an antibody described
herein binds to a human Siglec-8 expressed on mast cells and depletes mast cells. In some
embodiments, an antibody described herein binds to a human Siglec-8 expressed on mast cells
and inhibits mast cell-mediated activity. In some embodiments, an antibody described herein
binds {0 a human Siglec-8 expressed on mast cells and kills mast cells by ADCC activity. In

some cmbodiments, an antibody described herein depletes mast cefls and mhibits mast cell
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activation. In some embodiments, an antibody herein depletes activated cosinophils and mhibits
mast cell activation. in some embodiments, an antibody herein {e.g.. a non-fucosylated anti-
Siglec-8 antibody) depletes blood cosinophils and inhibits mast cell activation.

{6689} Provided heremn is an 1solated anti-Siglec-8 antibody that binds to human Siglec-8 and
non-human primate Siglec-8. Identification of antibodics with primate cross-reactivity would be
useful for preclinical testing of anti-Siglec-8 antibodics in non-human primates. In one aspect,
the mmvention provides antibodies that bind to a non-human primate Siglec-8. In one aspect, the
mvention provides antibodies that bind to a human Sigiec-8 and a non-human primate Siglec-8.
In some embodiments, the non-human pnmate Siglee-8 comprises an amino acid sequence of
SEQ H NO: 118 or a portion thereof. In some embodiments, the non-huwman primate Siglec-8
comprises an amino acid sequence of SEQ ID NG: 119 or a portion thereof. In some
embodiments, the non-human primate is a baboon {e.g., Papio 4mubis). In some embodiments,
the antibody that binds to a human Siglec-8 and a non-human primate Siglec-8, binds to an
cpitope in Domain 1 of human Siglec-8. In a further erobodiment, Domain 1 of human Siglec-8
coraprises the amino acid sequence of SEQ ID NO: 112, In some embodiments, the antibody
that binds to a human Siglec-8 and a non-human primate Siglec-8, binds to an epttope in Bomain
3 ot human Siglec-8. In a further embodiment, Domain 3 of human Siglec-8 comprises the
amino acid sequence of SEQ ID NG: 114, In some embodiments, the antibody that bimds to a
human Siglec-8 and a non-human primate Siglec-8 13 a humanized antibody, a chimeric
antibody, or a human antibody. In some embodiments, the antibody that binds to a human
Siglec-8 and a non-human primate Siglec-8 i1s a murine antibody. in some embodiments, the
antibody that binds to a human Siglec-8 and a non-human primate Siglec-8 is a human IgGl
antibody.

10090]  In onc aspect, an anti-Siglec-8 antibody described herein is a monoclonal antibody . In
one aspect, an anti-Siglec-8 antibody described herein 1s an antibody fragment (including
antigen-binding fragment), e.g., a Fab, Fab'-SH, Fv, scFv, or (Fab'}, fragment. In one aspect, an
anti-Siglec-8 antibody described herein comprises an antibody fragment (including antigen-
binding fragment}, e.g., a Fab, Fab'-SH, Fv, scFv, or (Fab'); fragment. In one aspect, an anti-
Sigiec-8 antibody described herein is a chimenc, humanized, or human antibody. In one aspect,
any of the anti-Siglec-8 antibodies deseribed herein are purified.

10091} In onc aspect, anti-Siglec-8 antibodies that compete with munne 2E2 antibody and

murine 2C4 antibody binding to Siglec-8 arc provided. Anti-Siglec-8 antibodies that bind to the

31



WO 2018/204868 PCT/US2018/031226

same epitope as murine 2E2 antibody and murine 2C4 antibody are also provided. Muring
antibodies to Siglec-8, 2E2 and 2(4 antibody arc described in U.S. Pat. No. 8,207 305, U S Pat.
No. 8,197,811, U.S. Pat. No. 7,871,612, and U.S. Pat. No. 7,557,191

{8692} In one aspect, anti-Siglec-8 antibodies that compete with any anti-Siglec-8 antibody
described herein {e.g., HEKA K HEKF, 1C3, 1H10, 4F11, 2C4, 2E2} for binding to Siglec-8 are
provided. Anti-Siglec-R antibodies that bind to the same epitope as any anti-Siglec-8 antibody
described herein {e.g, HEKA, HEKF, 1C3, 1H10, 4F11, 2C4, 2E2) are also provided.

[B0893]  In one aspect of the present disclosure, polvnucieotides encoding anti-Siglec-8
antibodics are provided. fn certain embodiments, vectors comprising polyvnucleotides encoding
anti-Siglec-8 antibodics are provided. In certain emboduments, host celis comprising such
vectors are provided. In another aspect of the present disclosure, compositions comprising anti-
Siglec-8 antibodies or polynucleotides encoding anti-Siglec-8 antibodies are provided. In certain
embodiments, a composition of the present disclosure is a pharmaceutical formulation for the
treatment of an allergic ocular discase {e.g., allergic conjunctivitis, keratoconjunctivitis, or giant
papillary conjunctivitis). In certain embodiments, a composition of the present disclosure 1s a
pharmaceutical formulation for the prevention of an allergic ocular discase {e.g., allergic
conjunctivilis, keratoconjunetivitis, or giant papiliary conjunctivitis).

{8694} In one aspect, provided herein is an anti-Siglec-8 antibody comprising 1, 2. 3,4, 5, 016
of the HVR sequences of the murine antibody 2C4. In one aspect, provided herein is an anti-
Siglec-8 antibody comprising 1, 2, 3, 4, 3, or 6 of the HVR sequences of the munine antibody
2E2. In some embodiments, the HVR is a Kabat CDR or a Chothia CDR.

[B895]  In one aspect, provided herein 1s an anti-Siglec-8 antibody comprising 1,2, 3,4, 5, 0r 6
of the HVR sequences of the murine antibody 1C3. In one aspect, provided herein is an anti-
Siglec-8 antibody comprising 1, 2, 3, 4, 5, or 6 of the HVR sequences of the murine antibody
4F11. in one aspect, provided herein 1s an anti-Siglec-8 antibody compusing 1, 2, 3, 4, 5, or 6 of
the HVR sequences of the muring antibody 1H10. In some embodiments, the HVR 13 a Kabat
CDR or a Chothia CDR.

{0096] In some embodiments, the antibody described herein binds to an epitope 1n Domain 1
of human Siglec-8, whercin Domain | comprises the ammo acid sequence of SEQ ID NG: 112
In some embodiments, the antibody described herein binds to an epitope in Domain 2 of human

Siglec-8, wherein Domain 2 comprises the amino acid sequence of SEQ ID NO:113. In some
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embodiments, the antibody described herein binds to an epitope in Domain 3 of haman Siglec-§,
wherein Domain 3 comprises the amino acid sequence of SEQ 1D NO:114.

{00971 In some embodiments, the antibody described herein binds to a fusion protein
comprising the amino acid of SEQ 1D NO:116 but not to a fusion protein comprising the amino
acid of SEQ ID NG:115. In some embodiments, the antibody described herein binds to a fusion
protein comprising the amine acid of SEQ 1D NO:117 but not to a fusion protein comprising the
aming acid of SEQ D NG 115, In some cmbodiments, the antibody described herem binds to a
fusion protein comprising the amino acid of SEQ ID NG: 117 but not to a fusion protein
comprising the aming acid of SEQ ID NG:116.

{0698}  In another aspect, provided herein is an anti-Siglec-8 antibody comprising a heavy
chain vanable region and a light chain variable region, wherein the heavy chain vanable region
comprises (1} HVR-H1 comprising the amino acid sequence of SEQ ID NG:8§, 1) HVR-H2
compnsing the amino acid sequence of SEQ ID NG:91, and (1) HYR-H3 compnising the amino
acid sequence of SEQ ) NO:94; and/or a light chain variable region comprising (i) HVR-L1
coroprising the amino acid sequence of SEQ D NO:97, (1) HVR-L2 comprising the amino acid
sequence of SEQ 1D NO: 100, and (111} HVR-L3 comprising the amino acid sequence of SEQ 1D
MNO:103. In some embodiments, the antibody described hercin binds to an epitope in Domain 2
of human Siglec-8, wherein Domain 2 comprises the amimo acid sequence of SEQ 1D NO: 113,
{80991 In another aspect, provided herein is an anti-Biglec-8 antibody comprising a heavy
chain variable region and a light chain variable region, wherein the heavy chain variable region
coraprnses (1) HVR-H1 comprising the amino acid sequence of SEQ 1D NO:89, (1) HVR-HZ
comprising the amino acid sequence of SEQ D NO:92, and (111} HVR-H3 comprising the amino
actd sequence of SEQ 1D NO:95; and/or a light chain vanable region comprising (i) HVR-L1
comprising the amino acid sequence of SEQ 1D NG9S, (i) HVR-LZ comprising the amino acid
sequence of SEQ 13 NO:101, and () HVR-L3 comprising the amino acid sequence of SEQ 1D
NO:104. In some embodiments, the antibody described herein binds to an epitope in Domain 3
of human Siglec-8, wherein Domain 3 comprises the aming acid sequence of SEQ 1D NG: 114
In some embodiments, the antibody described herein binds to buman Siglec-8 and non-human
primate Siglec-8.

{31006}  In ancther aspect, provided herein 1s an anti-Siglec-8 antibody comprising a heavy
chain vanable region and a light chain variable region, wherein the heavy chain variable region

comprises (i) HYR-H1 comprising the amino acid sequence of SEQ D NG90, (1) HVE-H2
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comprising the amino acid sequence of SEQ D NG:93, and (1) HVR-H3 comprising the amino
acid sequence of SEQ H3 NG:96; and/or a light chain varniable region compnsing (i} HVR-L1
comprising the amino acid sequence of SEQ 1D NG99, (11} HVR-LZ comprising the amino acid
sequence of SEQ 1D NO:102, and (ui) HVR-L3 comprising the amino acid sequence of SEQ ID
NO:105. In some embodiments, the antibody described herein binds to an epitope 1n Domain 1
of human Siglec-8, wherein Domain | comprises the aming acid sequence of SEQ 1D NG: 112
In some embodiments, the antibody described herein binds to buman Siglec-8 and non-human
primate Siglec-8.

{0101} 1o onc aspect, provided herein 1s an anti-Siglec-8 antibody comprising a heavy chain
variable region and a light chain variable region, wherein the heavy chain variable region
comprises (1) HYR-HI compnising the amino acid sequence of SEQ [D NO:61, 11y HVR-H2
comprising the aming acid sequence of SEQ ID NO:62, and (111) HVR-H3 compnising the amino
acid sequence of SEQ 1D N{:63; and/or wherein the light chain variable region comprises (1}
HVR-L1 comprising the anino acid sequence of SEQ 1D NG:64, (1) HVR-L2 comprising the
amino acid sequence of SEQ ID NG:63, and (1) HVR-L3 comprising the amino acid sequence
of SEQ ID NQ.66.

{0102} 1o onc aspect, provided herein 1s an anti-Siglec-8 antibody compnsing a heavy chain
variable region and a light chain vanable region, wherein the heavy chain variable region
comprises (i} HVR-H1 comprising the amino acid sequence of SEQ ID NG:61, i) HVR-H2
compnsing the amino acid sequence of SEQ ID NG:62, and (i) HYR-H3 compnising the amino
acid sequence selected from SEQ 1D NOs:67-70; and/or wherein the light chain variable region
comprises (1) HVR-L1 comprising the amino acid sequence of SEQ [D NG:64, (1) HVYR-L2
comprising the amino acid sequence of SEQ D NO:65, and (111 HVR-L3 comprising the amino
acid sequence of SEQ 1D NO:66,

{0103} 1o onc aspect, provided herein 1s an anti-Siglec-8 antibody compnsing a heavy chain
variable region and a light chain vanable region, wherein the heavy chain variable region
comprises (1) HYR-H1 comprising the amine acid sequence of SEQ ID NO:61, (113 HVR-H2
corapnsing the ammo acid sequence of SEQ 1D NO:62, and (i) HYR-H3 comprising the amino
acid sequence of SEQ 1D NO:63; and/or wherein the light chain vanable region comprises (1)
HVR-L1 comprising the amino acid sequence of SEQ 1D NO:64, (1) HVR-L2 comprising the
amino acid sequence of SEQ ID NG:63, and (1n) HYR-L3 comprising the amino acid sequence

of SEQ I NG:71.
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{3104}  In anocther aspect, provided herein 1s an anti-Siglec-8 antibody comprising a heavy
chain vanable region and a light chain variable region, wherein the heavy chain variable region
comprises (i) HYR-H1 comprising the amino acid sequence of SEQ D NO:61, (1) HVE-H2
comprising the amino acid sequence of SEQ 1D NO:62, and (111) HVR-H3 compnising the amino
acid sequence selected from SEQ ID NOs:67-70; and/or wherein the light chain variable region
comprises (1) HYR-L1 comprising the amino acid sequence of SEQ 1D NO:64, (n) HVR-L2
comprising the amino acid sequence of SEQ 1D NO:63, and (111 HYR-L3 comprising the amino
acid sequence of SEQ ID NGO 71

10105} In ancther aspect, provided herein 1s an anti-Siglec-8 antibody comprising a heavy
chain vanable region and a light chain variable region, wherein the heavv chain variable region
comprises (1) HVR-HI compnising the amino acid sequence of SEQ [D NO:88, (113 HVR-H2
comprising the aming acid sequence of SEQ ID NO:91, and (111) HVR-H3 compnising the amino
acid sequence of SEQ 1D NO:94; and/or a light chain variable region compiising (i) HVR-L1
corapnsing the amino acid sequence of SEQ 1D NG:97, (i1) HVR-L2 comprising the amino acid
sequence of SEQ 1D NO: 100, and (1) HVR-L3 compnsing the amino acid sequence of SEQ 1D
NG:103.

{0106}  In another aspect, provided herein is an anti-Siglec-8 antibody comprising a heavy
chain vanable region and a light chain variable region, wherein the heavy chain vanable region
comprises (1} HVR-H1 comprising the amino acid sequence of SEQ D NG:89, i) HVR-H2
compnsing the amino acid sequence of SEQ ID NG:92, and (i) HYR-H3 compnsing the amino
acid sequence of SEQ ) NO:95; and/or a light chain variable region comprising (i) HVR-L1
comprising the amino acid sequence of SEQ 1D NO:98, (1) HVR-L2 comprising the amino acid
sequence of SEQ 1D NO: 101, and (111) HVR-L3 comprising the amino acid sequence of SEQ 1D
NQO:104.

{0107} In another aspect, provided herein 1s an anti-Siglec-8 antibody comprising a heavy
chain variable region and a light chain variable region, wherein the heavy chain variable region
comprises (1) HYR-H1 comprising the amine acid sequence of SEQ ID NG90, (113 HVYR-H2
corapnsing the ammo acid sequence of SEQ 1D NO:93, and (i) HYR-H3 comprising the amino
acid sequence of SEQ 1D NO:96; and/or a light chain vanable region comprising (1) HVR-L1
comprising the amino acid sequence of SEQ 1D NG99, (11) HVR-L2 comprising the amino acid
sequence of SEQ 1D NO:102, and (i) HVR-L3 comprising the amino acid sequence of SEG 1D
NO:105.

o
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{108]  An anti-Siglec-8 antibody described herein may comprise any suitable framework
variable domain sequence, provided that the antibody retains the ability to bind human Siglec-8.
As used herein, heavy chain framework regions are designated "HC-FR1-FR4." and light chain
framework regions are designated "LC-FRI-FR4." In some embodiments, the anti-Siglec-8
antibody comprises a heavy chain vanable domain framework sequence of SEQ 1D N{O:26, 34,
38, and 45 (HC-FR1, HC-FR2, HC-FR3, and HC-FRY, respectively). In some embodiments, the
anti-Siglec-8 antibody comprises a light chain variable domain framework sequence of SEQ 1D
NG:48, 51, 55, and 60 (LC-FR1, LC-FR2, LC-FR3, and LC-FR4, respectively). In some
embodiments, the anti-Siglec-8 antibody comprses a light chain vanable domain framework
sequence of SEQ ID NO:4R, 51, 58, and 60 (LC-FRI1, LC-FR2, LC-FR3, and LC-FR4,
respectively).

{8109} In one embodiment, an anti-Siglec-8 antibody comprises a heavy chain varable
domain comprising a framework sequence and hypervariable regions, wherein the framework
sequence comprises the HC-FR1-HC-FR4 sequences SEQ 1D NOs:26-29 (HC-FR 1), SEQ ID
NOs:31-36 (HC-FR2), SEQ ID NOs:38-43 (HC-FR3), and SEQ 1D NOs:45 or 46 (HC-FR4),
respectively; the HVR-HI comprises the amino acid sequence of SEQ 1D NO:61; the HYR-H2
comprises the amino acid sequence of SEQ 1D NO:62; and the HVR-H3 comprises an amino
acid sequence of SEQ 1D NO:63. In one embodiment, an anti-Siglec-8 antibody comprises a
heavy chain variable domain comprising a framework sequence and hypervariable regions,
wherein the framework sequence comprises the HC-FR1-HC-FR4 sequences SEQ 1D NOs:26-
29 (HC-FR1), SEQ ID NOs:31-36 (HC-FR2), SEQ 1D NOs:38-43 (HC-FR3), and SEQ D
NOs:45 or 46 (HC-FR4), respectively; the HVR-HI comprises the amino acid sequence of SEQ
1D NG:61; the HYR-H2 comprises the amino acid sequence of SEQ 1D NG:62; and the HVR-
H3 comprises an amino acid sequence selected from SEQ ID NGs:67-70. In one embodiment, an
anti-Siglec-8 antibody comprises a light chain vanable domain comprising a framework
sequence and hypervariable regions, wherein the framework sequence comprises the LC-FR1-
LC-FR4 sequences SEQ 1D NOg: 48 or 49 (LC-FRY), SEQ 1D NQOg:51-53 (LLC-FR2Z), SEQ 1D
NOs:55-538 (LC-FR3), and SEQ 1D NG:60 (LC-FR4), respectively; the HVR-L1 comprises the
amino acid sequence of SEQ ID NG:64; the HVR-L2 comprises the amino acid sequence of
SEQ 1D NO:65; and the HVR-L3 comprises an aming acid sequence of SEQ D NO:66. In one
embodiment, an anti-Siglec-8 antibody comprises a light chain variable domain comprising a

framework sequence and hvpervariable regions, wherein the framework sequence comprises the
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LO-FRI-LC-FR4 sequences SEQ 1D N(s:48 or 49 (LC-FR1}, SEQ D NOs:51-53 {(LLC-FR2},
SEQ ID NOs:35-38 (LC-FR3), and SEQ 1D NOG:60 (LC-FR4), respectively; the HVR-L1

comprises the amino acid sequence of SEQ 1D NO:64; the HVR-L2 comprises the aming acid

W

sequence of SEQ I3 N(:65; and the HVR-L3 comprises an amino acid sequence of SEQ 1D
NO:71 In one embodiment of these antibodies, the heavy chain variable domain comprises an
aming acid sequence selected from SEQ 1D NUs:2-10 and the light chain variable domain
coraprises and amino acid sequence selected from SEQ 1D NOs:16-22. In one embodinment of
these antibodies, the heavy chain varable domain comprises an amino acid sequence selected
from SEQ 1 NOs:2-10 and the light chain variable domain comprises and aming acid sequence
selected from SEQ 1D NOs:23 or 24, In one embodiment of these antibodics, the heavy chain
variable domain comprises an amino acid sequence selected from SEQ 1D NOs:11-14 and the
hight cham variable domain comprises and amino acid sequence selected from SEQ ID NQg: 16~
22 In one embodiment of these antibodies, the heavy chain variable domain comprises an amino
acid sequence selected from SEQ 1D NOs:11-14 and the light chain variable domain comprises
and amino acid sequence selected from SEQ HD NOs:23 or 24. In one embodiment of these
antibodies, the heavy chain vanable domain comprises an aming acid sequence of SEQ 1D NG:6
and the light chain vanable domain comprises and amino acid sequence of SEQ 1D NG:16. In
one embodiment of these antibodies, the heavy chain variable domain comprises an amino acid
sequence of SEQ D N(:6 and the light chain vanable domain comprises and aming acid
sequence of SEQ [D NOG:21,
{3116}  In some embodiments, the heavy chain HVR sequences comprise the following:

a) HVR-H1 (IYGAH (SEQ ID NO:61));

b) HVR-H2 (VIWAGGSTNYNSALMS (SEQ 1D N(O:623); and

¢y HVR-H3 (DGSSPYYY SMEY (SEQ 1D NO:63); DGSSPYYYGMEY (SEQ ID

NO:67y, DGSSPYYYSMDY (SEQ 1D NG:68). DGSSPYYYSMEV (SEQ ID

NO:69y; or DGSSPYYYGMDV (SEQ ID N(:70}}.
{8111} In some embodiments, the heavy chain HVR sequences comprise the following:

a) HVR-H1 (SYAMS (SEQ 1D NG:88); DYYMY (SEQ 1D NO:89); or SSWMN (SEQ

1D NO:SO)),

b) HVR-H2 (ISSGGSYTYYSDSVEKG (SEQ ID NG:91); RIAPEDGDTEYAPKFQG

(SEQ 1D NO:92); or QIYPGDDYTNYNGKFKG (SEQ D NG:93)); and ¢) HVR-H3
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(HETAQAAWFAY (SEGQ ID NG:94), EGNYVYGSSILDY (SEQ ID NG:93); or
LGPYGPFAD (SEQ ID NG:96)).
{0112} In some embodiments, the heavy chain FR scquences comprise the following:
ay HC-FRT (EVQLVESGGGLVQPGGSLRLSCAASGFSLT (SEQ ID NG:26);
EVQLVESGGGLVQPGGSLRLSCAVSGFSLT (SEQ ID NG:27);
OVOLOQESGPGLVKPSETLSLTCTVSGGSIS (SEQ 1D NG 28); or
OVQLQESGPGLVEKPSETLSLTCTVSGFSLT (SEQ ID NG29),
by HC-FR2 (WVRQAPGKGLEWVS (SEQ ID NO:3 1), WVRGAPGKGLEWLG (SEQ
D NO:32) WVRQAPGKGLEWLS (SEQ 1D NO: 33); WVRGQAPGKGLEWVG (SEQ
D NO:34), WIRQPPGKGLEWIG (SEG 1D NO:35), or WYRQPPGKGLEWLG (SEQ
D NG:36));
¢y HC-FR3 (RFTISKDNSKNTVYLOMNSLRAEDTAVYYUAR (SEQ 1D NG:38);
RLSISKDNSKNTVYLOMNSLRAEDTAVYYCAR (SEQ 1D NO:39);
RLTISKDNSKNTVYLOMNSLRAEDTAVYYCAR (SEQ ID NG:40);
RFSISKDNSKNTVYLOMNSLRAEDTAVYYCAR (SEQ ID NG:41y,
RVTISYVDTSKNQFSLKLSSVTAADTAVYYCAR (SEQ ID ND 42y, or
RLSISKDNSKNGVSLELSSVTAADTAVYYCAR (SEQ 1D NO:43)): and
d) HC-FR4 (WGQGTTVTVSS SEQ ID NG:45), or WGQGTLVTVSS (SEQ D
NO:463.
8113} In some embodiments, the light chain HVR sequences comprise the following:
a) HVR-L1 (SATSSVSYMH (SEQ 1D NO:64)),
by HVR-L2 (STSNLAS (SEQ ID N(G:653); and
¢y HVR-L3 (QORSSYPFT (SEGQ ID NG:66); or QORSSYPYT (SEQ ID NG:71)).
10114}  In some embodiments, the light chain HVR sequences comprise the following:
a) HVR-L1 (SASSSVSYMH (SEQ 1D NO:97);, RASQDITNYLN (SEQ 1D NO:98); or
SASSSVSYMY (SEQ 1D NG99
b) HVR-L2 (DTSKLAY (SEQ D NO:100); FITSRLHS (SEQ ID NOG:101); or DTSSLAS
(SEQ D NO:102)); and
¢y HVR-L3 (QOWSSNPPT (SEQ ID NO:103), QOGNTLPWT (SEQ ID NG 104); or
QOWNSDPYT (SEQ ID NG:103)).

10115} In some embodiments, the antibody comprises:

38~
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a heavy chaim vanable region comprising {1} HVR-HI comprising the aminoe acid sequence
of SEG 1D NO:8S, (i) HVR-H2 comprising the amino acid sequence of SEQ 1D NO:91, and
(u1) HVR-H3 comprising the aming acid sequence of SEQ 1D NO:94; and/or a light chain
variable region comprsing (1) HVR-L1 comprising the amino acid sequence of SEQ 1D
NG:97, (1) HYR-L2 comprising the amino actd sequence of SEQ 1D NQG: 100, and (311)
HVR-L3 comprising the amino acid sequence of SEQ 1D NG 103
a heavy chain variable region comprising (1) HVR-HI comprising the anmino acid sequence
of SEQ 1D NO:89, (11) HVR-H2 comprising the anuno acid sequence of SEQ 1D NO:92, and
{1y HVR-H3 comprising the amine acid sequence of SEQ 1D NO:95: and/or a light chain
variable region compnsing (i) HVR-L1 comprising the anuno acid sequence of SEQ 1D
NG:98, (1) HVR-L2 comprising the anuno acid sequence of SEQ 1D NG 101, and (1)
HVR-L3 comprising the amino acid sequence of SEQ D NO:104; or
a heavy chain variable region comprising (1) HVR-HI comprising the aming acid sequence
of SEQ 1D NG90, (1) HYR-HZ comprising the amino acid sequence of SEQ 1D NO:93, and
(111) HVR-H3 compnsing the amino acid sequence of SEQ 1D NO:96; and/or a light chain
varable region compnsing (1) HVR-L1 comprising the amino acid sequence of SEQ 1D
NG99, (11 HVR-L2 comprising the anmino acid sequence of SEQ 1D NG 102, and (111}
HVR-L3 comprising the amino acid sequence of SEQ ID NO: 105
18116 In some embodiments, the light chain FR sequences comprise the following:
a) LC-FRI(EIVLTQSPATLSLSPGERATLSC (SEQ ID NQ:48). or
EHLTOSPATLSLSPGERATLSC (SEQ 1D NO:49));
by LC-FR2 (WFQQKPGQAPRLLIY (SEQ 1D NO:5 1) WFQOKPGQAPRLWIY (SEQ
D NG:52y, or WYQOQKPGQAPRLLIY (SEQ ID NG: 53));
¢) LC-FR3 (GIPARFSGSGSGTDFTLTISSLEPEDFAVYYC (SEQ 1D NO:S5);
GVPARFSGSGSGTDYTLTISSLEPEDFAVYYC (SEQ ID NO:56);
GVPARFSGSGSGTDFTLTISSLEPEDFAVYYC (SEQ ID NGO:57); or
GIPARFSGSGSGTDYTLTISSLEPEDFAVYYC (SEQ 1D NO:58)): and
d) LC-FR4 (FGPGTKLDIK (SEQ 1D NO:6OY).
{17} In some embodiments, provided herein is an anti-Siglec-8 antibody {e.g., a humanized
anti-Siglec-8) antibody that binds to human Siglee-8, wherein the antibody comprises a heavy
chain variable region and a light chain variable region, wherein the antibody comprises:

{a) heavy chain varabic domaimn comprising:
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(1} an HC-FR1 comprising the amino acid sequence selected from SEQ ID NQOs:26-29;

(2} ann HVR-H1 comprsing the amino acid sequence of SEQ ID NO:61;

(33 an HC-FRZ comprising the amino acid sequence selected from SEQ 1D NOs:31-36;

{4} an HVR-H2 comprising the amino acid sequence of SEQ D NO:6Z;

(5} an HC-FR3 comprising the amino acid sequence selected from SEQ 1D NQOs:38-43;

{6} an HVR-H3 comprising the amino acid sequence of SEQ 1D NG:63; and

{7} an HC-FR4 comprising the amino acid sequence selected from SEQ 1D NOs:45-46,

and/or

{b} a light chain variable domain comprising:

(1) an LC-FR1 comprising the amino acid sequence sclected from SEQ 1D NOs:48-49;

(2} an HVR-L1 comprising the amino acid sequence of SEQ 13 N(:64;

{3} an LC-FR2 comprising the aming acid sequence selected from SEQ 1D N(Us:51-53;

{4} an HYR-L2 comprising the amino acid sequence of SEQ 1D NO:65;

(5} an LC-FR3 comprising the amino acid sequence sclected from SEQ 1D NOs: 55-58;

{6} an HVR-L3 compnising the amino acid sequence of SEQ 1D NO:66; and

(7} an LC-FR4 comprising the amino acid sequence of SEQ ID NG:60.
{0118} In onc aspect, provided herein 1s an anti-Siglec-8 antibody compnsing a heavy chain
variable domain selected trom SEQ D NUs:2-10 and/or comprising a light chain vanable
domain sclected from SEQ ID NGs:16-22. In one aspect, provided herein is an anti-Siglec-8
antibody comprising a heavy chain variable domain selected from SEQ 1D NGs:2-14 and/or
coraprsing a light cham vanable domain sclected from SEQ D NOs:16-24. In one aspect,
provided herein is an anti-Siglec-8 antibody compnising a heavy cham variable domain selected
from SEQ 1D NQOs:2-10 and/or comprising a light chain variable domain selected from SEQ D
NG:23 or 24. In one aspect, provided herein 1s an anti-Siglec-8 antibody comprising a heavy
chain variable domain selected from SEQ 1 NOs:11-14 and/or comprising a light chain
variable domain selected from SEQ ID NQs:16-22. In one aspect, provided herein is an anti-
Siglec-8 antibody comprising a heavy chain variable domain selected from SEQ ID NQOs:11-14
and/or comprising a light chain variable domain selected from SEQ ID NO:23 or 24. In one
aspect, provided herein 1s an anti-Siglec-8 antibody comprising a heavy cham vanable domain
of SEQ ID NO:6 and/or comprising a light chain variable domain selected from SEQ 1D NO: 16
or2l.
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[3119]  In one aspect, provided herein 1s an anti-Siglec-8 antibody comprising a heavy chain
variable domain selected from SEQ 1D NOs:106-108 and/or comprising a light chain variable
domain selected from SEQ 1D NUs: 109-111. In onc aspect, provided berein 1s an anti-Siglec-8
antibody comprising a heavy chain variable domain of SEQ ID NO: 106 and/or comprising a
hight cham variable domain of SEQ 1D NO:109. In one aspect, provided herein is an anti-Siglec-
8 antibody comprising a heavy chain variable domain of SEQ 1D N{O:107 and/or comprising a
light chain variable domain of SEQ 1D NG: 110, In one aspect, provided herein is an anti-Siglec-
3 antibody comprising a heavy chain varable domam of SEQ ID NO: 108 and/or compnsing a
light chain vanable domain of SEQ ID NG:111.

{0128}  In some embodiments, provided herein is an anti-Siglec-8 antibody comprising a heavy
chain vanable domain comprising an amino acid sequence having at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% sequence identity to an amino acid sequence selected from
SEQ D NOs:2-14. In some embodiments, provided herein 15 an anti-Siglec-8 antibody
compnsing a heavy chain variable domain comprising an amino acid sequence having at least
90%, 91%, 92%, 93%, 94%. 95%, 96%, 7%, 98%, or 99% sequence identity to an amino acid
sequence selected from SEQ 1D NOs:106-108. In some embodiments, an amino acid sequence
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% scquence identity
contains substitutions, insertions, or deletions relative to the reference sequence, but an antibody
comprising that amino acid sequence retains the ability to bind to human Siglec-8. In some
embodiments, the substitutions, insertions, or deletions {e. g, 1, 2, 3, 4, or 5 amino acids) occur
in regions outside the HVRs (1.¢., in the FRs). In some embodiments, an anti-Siglec-8 antibody
coraoprises a heavy chain vaniable domain compnsing an amino acid sequence of SEQ 1D NG:6.
In some embodiments, an anti-Siglec-§ anttbody comprises a heavy chain variable domain
comprising an amino acid sequence selected from SEQ D NOs: 106-108.

{0121}  In some embodiments, provided herein s an anti~-Siglec-8 antibody comprising a light
chain variable domain comprising an amino acid sequence having at least 90%, 91%, 92%, 93%,
04%, 93%, 96%, 97%, 98%, or 99% sequence identity to an amino acid sequence selected from
SEQ D NOs:16-24. In some embodiments, provided herein is an anti-Siglec-8 antibody
coraprising a light chain variable domam comprising an amino acid sequence having at least
0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence dentity to an amino acid
sequense selected from SEQ 1D NOs:109-111 In some embodiments, an aming acid sequence

having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% scquence identity
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containg substitutions, insertions, or deletions relative to the reference sequence, but an antibody
comprising that amino acid sequence retains the ability to bind {o human Siglec-8. In some
embodiments, the substitutions, 1nsertions, or deletions {e.g.. 1, 2, 3, 4, or 5 amino acids) occur
m regions outside the HVRs (i.e., in the FRs). In some embodiments, an anti-Siglec-8 antibody
comprises a light chain vanable domain comprising an amino acid sequence of SEQ ID NQ: 16
or 21. In some embodiments, an anti-Siglec-8 antibody comprises a heavy chain variable domain
comprising an amino acid sequence selected from SEQ 1D NGOs:109-111.

{3122} In one aspect, the present disclosure provides an anti-Siglec-8 antibody comprising {(a}
one, two, or three VH HVRs selected from those shown in Table 1 and/or (b) one, two, or three
Vi HVRs selected from those shown in Table 1.

{8123} In one aspect, the present disclosure provides an anti-Siglec-8 antibody comprising {a)
ong, two, or three VH HVRs selected from those shown in Table 2 and/or (b} one, two, or three
Vi HVRs selected from those shown i Table 2.

{0124} In one aspect, the present disclosure provides an anti-Siglec-8 antibody comprising {(a)
one, two, three or four VH FRs selected from those shown m Table 3 and/or (b} one, two, three
or four VL FRs selected from those shown in Table 3,

{0125}  In some embodiments, provided herein is an anti-Siglec-8 antibody comprising a heavy
chain variable domain and/or a light chain variable domain of an antibody shown in Table 4, for

example, HAKA antibody, HAKB antibody, HAKC antibody, etc.

Table 1. Amino acid sequences of HVRs of antibodics

Antibody Chain BVR1 HVR2 HVYR3
282 antibody
Heavy chain IYGAH VIWAGGSTNYNSALMS DGSSPYYYSMEY
SEQ I3 NO:61 SEQ D NO62 SEG D NO63
Light chain SATSSVSYMH STSNLAS QORSKYPFT
SEQ ID NO:64 SEQ ID NG:63 SEQ ID NO:66

Humanized Heavy Chain Variants 2E2 RHA, 282 RIAB, 2E2 RIC, 2E2 RAD, 2E2 RHFE, 2E2 RHAF, 2E2 RHG, 2E2

RHAZ, ond 2E2 RHB2

Heavy chain IYGAH VIWAGGSTNYNSALMS DG3SPYYYSMEY
SEQ D NO:6l SEQ 1D NOw62 SECHDY NO:63
Humanized Light Chain Variants 282 REA, 282 RKB, 2E2 REC, 2E2 REKD, 282 RKE, 2F2 RKF, and 282 RKG
Light chain SATSSVSYMH STSNLAS QORISYPFT
SEQ ID NO:64 SEQ ID NO:65 SEQ ID NO:66
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Humanized Heavy Chain Variants 282 RHE S-G, 2E2 RHE E-D, 2E2 RHE Y-V, and 282 RAFE triple

2E2 RHE 5-G IYGAH VIWAGGSTNYNSALMS DGSSPYYYGMEY
SEQ ID NO61 SEQ ID NG.62 SEQ ID NO:67

2EZ RHE E-B IYGAH VIWAGGSTNYNSALMS DGSSPYYYSMDY
SEQ ID NO:ol SEQ ID NG:62 SEQ ID NO:68

IEZ RHE Y-V YGAH VIWAGGSTNYNSALMS DGSSPYYYSMEVY
SEQ ID NO:61 SEQ ID NO:62 SEQ ID NO:69

2E2 RHF triple IYGAH VIWAGGSTNYNSALMS DGSSPYYYGMDV
SEQ ID NO61 SEQ ID NG.62 SEQ ID NO:70

Humanized Light Chain Variants 2E2 RKA F-Y and 2E2 RKF F-Y

ZE2ZRKAF-Y SATSSVSYMH STSNLAS QORSSYPYT
SEQ I3 NO:64 SEQID NO w3 SEQ D NOTH

2E2 RKF F-Y SATSSVSYMH STSNLAS QORSSYPYT
SEQ ID NO:64 SEQ ID NG:63 SEQ ID NO:7E

Table 2. Amino acid sequences of HVRs from murine 13, 1H10, and 4F11 antibodies

Antibody | Chain HYR1 HVERE2 HYR3
13 Heavy Chain | SYAMS ISSGGSYTYYSDSVKG HETAQAAWTAY
SEQ I3 NO:8§ SEQ 1D NO:9L SEQ 13 NO:%4
1HEG Heavy Chain | DYYMY RIAPEDGDTEYAPKFQG EGNYYGSSILDY
SEQ ID NG-89 SECHID NO:92 SEQ 1D NOG:93
4F11 Heavy Chain | SSWMN IYPGDDYTNYNGEFKG LGPYGEFAD
SEG ID NG90 SEQ 1D NO:93 SEG ID NO:96
1C3 Light Chain SASSSVSYMH DTSKLAY QOWSSNPPT
SEQ I3 NO:97 SEQ 1D NO: 100 SEQ 13 NO: 103
1HEG Light Chain RASQDITNYLN FTSRLHES QOGNTLPWT
SEQID NG9S SECHD NO:1OoT SEQ 1D NO:104
4F11 Light Chain SASSSVSYMY DTSSLAS QOUWNSDPYT
SEQ ID NO:99 SEQ ID NO:102 SEQ ID NO:105

Table 3. Amino acid sequences of FRs of antibodies

Heavy Chain FRi1 FR2 FR3 FR4

2E2 QVOQLKESGPGLVA | WVROQPPGKGLEW | RLSISKDNSKSQVE | WGOQGTSVTVSS
PSQSLSITCTVSGES | LG LKINSLOQTDDTAL | (SEQ ID NG44
LT (SEQ ID NO:39) YYCAR
(SEQ ID NG:25) (SEQ ID NG3T)

2E2 RHA EVQLVESGGGLVQ | WVYRGQAPGKGLEW | RFTISKDNSKNTVY | WGOGTTVTVSS
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PGGSLRLSCAASGE | VS LOMNSLRAEDTAV | (SEQ ID NO:45)
SLY (SEQ ID NG:31) YYTAR
{(SEQ ID NO:263 (SEQ I NO:38)

IEZ RHB

EVQLVESGGGLYVQ

WVRQAPGKGLEW

RLSISKDNSKNTVY

WOOQGTTVTVSS

PGGSLRLSCAVSGF | LG LOMNSLEAEDTAV | (SEQ ID NO45)
SLT (SEQ D NO:32) YYCAR
(SEQ ID NO:27) (SEQ ID NO:39)

2E2 RHC EVGLVESGGGLVG | WVRQAPGKGLEW | RFTISKDNSKNTVY | WGQGTTIVIVSS
PGGSLRLACAVSGF | VS8 LOMNSLRAEDTAVY | (SEQ ID NO45)
SLT (SEQ ID NO:31) YYCAR
(SEQ ID NO:27) (SEQ ID NO:38)

2E2 RHD EVGQLVESGGGLVG | WVRQAPGKGLEW | RFTISKDNSKNTVY | WGQGTTVIVSS

POGGSLRLSCAASGE
SLT
{SEQ D NG:26)

(SEQ ID NO:33)

LOMNSLEAEDTAV
YYCAR
(SEQ ID NO:3%)

{(SEQ ID N(O:43)

2E2 RHE

EVOLVESGGGLYQ
PGGSLRLSCAASGE
SLT

(SEQ 1D NO:26)

WYRQAPGKGLEW
VG
(SEG ID NO:34)

RFTISKIDNSKNTVY
LOMNSLRAEDTAY
YYCAR

(SEQ ID NO:38)

WGEOQGTTVIVSS
{SEQ ID N(:435)

2E2 RHF

EVOQLVESGGGLVQ

WVYRQAPGKGLEW

RLTISKDNSKNTY

WGOGTTVIVSS

PGGSLRLYCAASGF | VS YLOMNSLRAEDTA | (SEQ ID NO:45)
SLT (SEQ ID NO:3 1) VYYCAR
(SEQ ID NO:26) (SEQ ID NO:40)

2E2 RHG EVOLVESGOGLYQ | WYROAPGKGLEW | RESISKDNSENTVY | WGOGTTVIVSS
PGGSLRLSCAASGF | VS LOVNSLRAEDTAV | (SEQ ID NO:45)
SLT (SEQ ID NO:31) YYCAR
(SEQ ID NO:26) (SEQ ID NO:4 1)

7E2 RHA2 GVOLOESGPGLVK | WIROPPGRGLEW] | RVIISVDTOKNQES | WOOGTLVIVSS

PSETLSLTCTVSGG
SIS
(SEQ ID NG:28)

G
(SEQ ID NO:35)

LKLSSVTAADTAV
YYCAR
(SEQ ID NO:42)

(SEQ ID NO:46)

2EZ REB2

OVOLOESGPGLVK
PSETLSLTCTVSGE
SLT

(SEQ ID NG:29)

WVRGPPGKGLEW
LG
(SEQ ID NO:36)

RLSISKDNSKNQVS
LKLSSVTAADTAVY
YYCAR

(REQ [ NO:43)

WGQGTLVTVSES
(SEQ ID NO:46)

2E2 RHE 5-G

EVQLVESGGGLYVQ
PGGSLRLSCAASGF
SLT

WVROAPGKGLEW
VG
(SEQ ID NO:34)

RETISKDNSKNTVY

LOMNSLRAEDTAV
YYCAR

WOQGTTYTVSES
(SEQ ID NO:45)
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{SEQ ID NG:26) (SEQ ID NO:38)

2E2RHE E-D | EVOLVESGGGLVQ | WVROQAPGKGLEW | RFTISKDNSKNTVY | WGOQGTTVTVSS
PGGSLRLSCAASGF | VG LOMNSLRAEDTAV | (SEQ ID NG4S
SLT (SEQ ID NO:34) YYCAR
(SEQ ID NG:26) (SEQ ID NO38)

ZEZRHE Y-V | EVOLVESGGGLVQ | WVROQAPGKGLEW | RFTISKDNSKNTVY | WGOQGTTVTVSS

PGGSLRLSCAASGF
SLT
(SEQ ID NO:26)

VG
(SEQ ID NO:34)

LOMNSLRAEDTAV
YYCAR
(REQ 2 NO:38)

(SEQ ID NO:45)

762 RAE EVQLVESGGGLVQ | WVRQAPGKGLEW | RETISKDNSKNTVY | WGQGTIVIVSS
triple PGGSLRLSCAASGE | VG LOMNSLRAEDTAV | (SEQ ID NO:45)
SLT (SEQ ID NO:34) YYCAR
(SEQ D NO:26) (SEQ T NO38)
Light Chain FRI FR2 FR3 FR4
262 QULTQSPAIMSASP | WRQOKPGTSPKLW | GVPVRFSGSGSGTS | FGSGTRLEIK
GEKVSITC NG YSLTISRMEAEDA | (SEQ ID NO-59)
(SEQ ID NO4T) (SEG Iy NO:50) ATYYC
(SEQ ID NO:54)
RKA EIVLTOSPATLSLSP | WFQOKPGOAPRLL | GIPARFSGSGSGTD | FGPGTKLDIK
GERATLSC Y FTLTISSLEPEDFAV | (SEQ ID NO:60)
(SEQ ID NO 48) (SEQ ID NO:51) YYC
(SEQ ID NO:55)
RKB EILTOSPATLSLSP | WEQOKPGOQAPRL, | GVPARFSGSGSGT | FGPGTKLDIK
GERATLSC WIY DYTLTISSLEPEDF | (SEQ ID NO:60)
(SEQ 1D NO-49) (SEQ ID NO:52 AVYYC
(SEQ ID NO:56)
RKC EILTQSPATLSLSP | WEQOKPGOQAPRLL | GIPARFSGSGSGID | FGPGTKLDIK
GERATLSC v FTLTISSLEPEDFAV | (SEQ ID NO:60)
(SEQ ID NO:49) (SEQ ID NO:51) YYC
(SEQ T NO:35)
RED EIVLTOSPATLSLSP | WFQOKPGOAPRL | GIPARFSGSGSGID | FGPGTKLDIK
GERATLSC WIY FTLTISSLEPEDFAYV | (SEQ ID NO:60)
(SEQ ID NO:48) (SEQ ID NO:52) YYC
(SEQ T NO:35)
RKE EIVLTQSPATLALSP | WFQOQKPGOQAPRLL | GVPARFSGSGSGT | FGPGTKLDIK

GERATLSC
(SEQ ID NO:48)

Yy
(SEQ ID NO:51)

DFTLTISSLEPEDFA
VYYC
(SEQ ID NO:5T)

(SEQ ID NO:60)

45




WO 2018/204868 PCT/US2018/031226
RKF EIVLTQSPATLSLSP | WFQQKPGQAPRLL | GIPARFSGSGSGTD | FGPGTKLDIK
GERATLSC Y YTLTISSLEPEDFA | (SEQ ID NO60)
(SEQ ID NO:48) (SEQ ID NO:51) VYYC
(SEQ ID NO:58)
RKG EIVLTQSPATLSLSP | WYQOKPGQAPRL | GIPARFSGSGSGTD | FGPGTKLDIK
GERATLSC LIY PTLTISSLEPEDFAV | (SEQ ID N0 60)
(SEQ ID NO:48) (SEG ID NO:53) YYC
(SEQ ID NO:55)
RKA F-Y EIVLTOSPATLSLSP | WFQOKPGOQAPRLL | GIPARFSGSGSGTD | FGPGTKLDIK
GERATLSC NG PTLTISSLEPEDFAV | (SEQ ID NO-66)
(SEQ ID NO:48) (SEG ID NO:51) YYC
(SEQ ID NO:55)
RKF F-Y EIVLTOSPATLSLSP | WFQOKPGQAPRLL | GIPARFSGSGSGTD | FOPGTKLDIK
GERATLSC Y YTLTISSLEPEDFA | (SEQ ID NO:60)
(SEQ ID NO 48) (SEQ ID NO:51) VYYC
(SEQ ID NO:58)

Table 4. Amino acid sequences of vanable regions of antibodies

Antibody Name Variable Heavy Chain Variable Light Chain
ch2C4 ch2C4 VH ¢h2C4 VK
chZE2 ch2E2 VH (SEQ ID NO: I} ch2E2 VK (SEQ ID NO:15)
CVHEA ch2E2 VH (SEQ ID NO: 262 RK.A (SEQ ID N 16)
cVHKB ch?E2 VH (SEQ ID NO: 1) 2E2 RKB (SEQ ID NO:1T)
HACVK 2E2 RHA (SEQ ID NO:2) ch2E2 VE (SEQ ID NO:15)
HBcVK 2E2 RHB (SEQ ID NG:3) ch2E2 VK (SEQ ID NG:15)
HAKA 2E2 RHA (SEQ ID NO:2) 2E2 RK A (SEQ ID NO:16)
HAKRE JE2 RHA (SEQ I NO:2) JE2 RKB (3EQ D NO:1T)
HAKC 2E2 RHA (SBQ ID N(:2) 2E2 RXC (SEQ ID NO:18)
HAKD JE2 RHA (SEQ I NO:2) JE2 RKD (SEQ 1D NO: 19}
HAKE 2E2 RHA (SEQ ID NO:2) 2E2 RKE (SEQ ID NO:20)
HAKF 2E2 RHA (SEQ ID NO:2) 2E2 RKF (SEGQ ID NO:21)
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HAKG 262 RHA (SEQ ID NO:2) 202 REKG (SEQ ID NO:22)
HBKA 2E2 RHB (3EQ I NO:3) PE2 RKA (SEQ I NO:16)
HBKB 262 RHE (SEQ 1D NO:3) 262 REKB (SEQ ID NO:17)
HBKC 2E2 RHB (SEQ ID NO:3) 2E2 RKC (SEQ ID NO:18)
HBKD 2E2 RHB (SEQ ID NO:3) 2E2 RKD (SEQ ID NO:19)
HBKE 2E2 RHB (SEQ ID NO:3) 2E2 RKE (SEQ ID NO:20)
HBKF 2E2 RHB {SEQ ID NO:3) 7F2 RKF (SEQ ID NO:21)
HBKG 262 RHB (SEQ 1D NO:3) 262 REG (SEQ ID NO:22)
HCKA 7E2 RHC (SEQ ID NO:4) 2E2 RKA (SEQ [ NOG:16)
HOKB 262 RHC (SEQ D NO:4) 262 REKB (SEQ ID NO:17)
HCKC 2E2 RHC (SEQ ID NO:4) 2E2 RKC (SEQ ID NO:18)
HCKD 2E2 RHC (SEQ ID NO:4) 2E2 RKD (SEQ ID NO:19)
HCKE 2E2 RHC (SEQ ID NO:4) 2E2 RKE (SEQ ID NO:20)
HCKF 2E2 RHC {SEQ ID NO:4) 7F2 RKF (SEQ ID NO:21)
HCKG 262 RHC (SEQ 1D NO:4) 262 REG (SEQ ID NO:22)
HDKA 2E2 RHD (SEQ [ NO:5) 2E2 RKA (SEQ [ NO:16)
HDKB 262 RHD (SEQ ID NO:5) 262 REKB (SEQ ID NO:17)
HDKC 7FE2 RHD (SEQ D NO:5) TE2 RKC (SEQ I NO:18)
HDKD 2E2 RHD (SEQ ID NO:5) 2E2 RKD (SEGQ ID NO:19)
HDKE 2E2 RHD (SEQ ID NO:5) 2E2 RKE (SEQ ID NO:20)
HDKF 2E2 RHD (SEQ ID NO:5) 7F2 RKF (SEQ ID NO:21)
HDKG 262 RHD (SEQ ID NO:5) 202 REKG (SEQ ID NO:22)
HEK A 782 RHE (SEQ ID NO-6) 2E2 RKA (SEQ [ NO:16)
HEKB 2F2 RHE (SEQ 1D NO:6) 262 REB (SEQ ID NO:17)
HEK(C 7E2 RHE (SEQ ID NO'6) TE2 RKC (8EQ [ NO:18)
HEKD 2E2 RHE (SEQ ID NO:6) 2E2 RKD (SEQ ID NO:19)
HEKE 2E2 RHE (SEGQ ID NO'6) 2E2 RKE (SEQ ID NO:20)
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HEKF 2F2 RHE (SEQ 1D NO:6) 2E2 RKF (SEQ ID NO:21)
HEK G 7E2 RHE (SEQ 1D NO-6) 7FE2 RKG (SEQ D NO:22)
HFKA 2E2 REF (SEQ D NO:7) 262 REA (SEQ ID NO: 16)
HFKB 2E2 RHF (SEQ ID NO:7) 2E2 RKB (SEQ ID NO:1T)
HFKC 7E2 RHF (SEQ ID NO:7) 2E2 RKC (SEQ ID NO:18)
HFED 2E2 RHF (SEG ID NO:7) 2E2 RKD (SEQ ID NO: 19)
HFKE 2E2 RHF (SEQ ID NO:7) 2E2 RKE (SEQ ID NG:20)
HFKF 2E2 RHF (SEQ ID NO:7) 2E2 RKF (SEQ ID NO:21)
HFKG 282 RHF (SEQ ID NO:7) 2E2 RKG (SEQ [ NOG:22)
HGKA 262 RHG (SEQ ID NO:8) 262 RE.A (SEQ ID NO: 16)
HGKE 9F2 RHG (SEQ ID NO:8) 2E2 RKB (SEQ ID NO:17)
HGKC 2E2 RHG (SEQ ID NO:8) 2E2 RKC (SEQ ID NG:18)
HGKD 2E2 RHG (SEQ ID NO:8) 2E2 RKD (SEQ ID NO:19)
HGKE 2E2 RHG (SEG ID NO:8) 2E2 RKE (SEQ ID NG:20)
HOKF 262 RHG (SEQ ID NO:8) 2E2 RKF (SEQ ID NO:21)
HGHG 2E2 RHG (SEQ [ NO:8) 2E2 RKG (SEQ [ NO:22)

HAIK A 7E2 RHAZ (SEQ ID NO'9) 262 RE.A (SEQ ID NO: 16)
HA2KR 2E2 RHA2 (SEQ 1D NO:9) 2E2 RKB (SEQ M NO:17)
HBIKA 2E2 RHB2 (SEQ ID NO: 10) 2E2 RKA (SEQ ID NO:16)
HB2KE 2E2 RHB2 (SEQ ID NO:10) 2E2 RKB (SEQ ID NO:17)
HA2KF 2E2 RHA2 (SEQ ID NO:9) 7F2 RKF (SEQ ID NO:21)
HBIKF 782 RHB2 (SEQ 1D NO:10) 2E2 RKF (SEQ ID NO:21)
HAKC 2E2 RHA2 (SEQ ID NO:9) 7E2 RKC (SEQ I NO:18)
HAKD 782 RHAZ (SEQ 1D NO-9) 262 RED (SEQ ID NO:19)
HA2KE 2E2 RHA2 (SEQ 1D NO:9) 7E2 RKE (SEQ 1D NO-20)
HAZKF 262 RHA?2 (SEG ID NO9) 7F2 RKF (SEQ ID NO:21)
HAXKG 2E2 RHA2 (SEQ ID NO:9) 7F2 RKG (SEQ ID NO:22)
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HBIKC 782 RHB2 (SEQ 1D NO:10) 262 REC (SEQ ID NO:18)
HBIKD 2E2 RHB2 (SEQ 1D NO:10) 7E2 RKD (SEQ 1D NO: 19)
HBIKE 252 RHB2 (SEQ 1D NO:10) 2E2 RKE (SEQ ID NO:20)

HA2KFmut 2E2 RHA2 (SEQ ID NO:9) 2E2 RKF F-Y mut (SEQ ID NG:24)
HB2KFmut 2E2 RHB2 (SEQ ID NO:10) 2E2 RKF F-Y mut (SEQ ID NO:24)
HEK Amut 2E2 RHE (SEQ ID NO:6) 2E2 RKA F-Y mut (SEQ ID NO:23)
HEKFmut 2E2 RHE (SEQ ID NO:6) 2B2 RKF F-Y mut (SEQ ID NO:24)
HAKFumt 262 RHA (SEQ ID NO:2) 782 RKF F-Y mut (SEQ I NO:24)
HBKFmut 7E2 RHB (SEQ ID NO:3) 262 REF F-Y mut (SEQ 1D NO:24)
HCKFmnt 262 RHC (SEQ 1D NO:4) 7H2 RKF F-Y mut (SEQ I NO:24)
HDKFmut 9F2 RHD (SEQ ID NO:5) 2E2 RKF F-Y mut (SEQ ID NG:24)
HFKFmut 7E2 RHF (SEQ ID NO:7) 2E2 RKF F-Y mut (SEQ ID NO:24)
HGKFmut 2E2 RHG (SEQ ID NO:8) 2E2 RKF F-Y mut (SEQ ID NG:24)
RHE Y-VKA 2E2 RHE Y-V (SEQ ID NO:13) 2E2 RKA (SEG ID NO:16)

RHE Y-VKB

2E2RHE Y-V (SEQ I NO:13)

262 RKB (SEQ ID NO:17)

RHE Y-VKC

2E2 RHE Y-V (SEQ ID NG:13)

2E2 RKC (SEQ I3 NO:18)

RHE Y-YKD

2EZ RHE Y-V (3EQ 1D NO:3)

JE2 RKD (SEQ ID NO:19)

RHE Y-VKE

2E2 RHE Y-V (SEQ ID NO:13)

282 RKE (SEQ 1D NO20)

RHE Y-VKF 2E2 RHE Y-V (SEQ ID NO:3) 2E2 RKF (SEQ 1D NO:21)
RHE Y-VKG 2E2 RHE Y-V (SEQ ID NO:13) 2B2 RKG (SEQ ID NO:22)
RHE E-DKA 2E2 RHE E-D (SEQ ID NO:12) 2E2 RKA (SEQ ID NO:16)
RHE E-DKB 252 RHE BE-D (SEQ ID NG:12) 2E2 RXB (SEQ ID NO:17)
RHE E-DEC 202 RHE E-D (S8EQ 1D NO:12) 2E2 RKC (SEQ I3 NO:18)
RHE E-DKD 252 RHE BE-D (SEQ ID NO:12) 282 RED (SEQ ID NO:19)

X

RHE E-DKE

2E2 RHE E-D (SEQ ID NO:12)

282 RKE (SEQ 1D NO20)

RHE E-DKF

JE2 RHE E-D (SEQ ID NO:12)

JE2 RKF (SEQ ID NO:21)

RHE E-DXKG

2E2 RHE E-D (SEQ ID NOG:12)

JB2 RKG (SEQ ID NO:22)
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RHE B-DEFmut

2E2 RHE E-D (SEQ 1D NO:12)

2E2 RKF F-Y mut (SEC [ NO:24)

RHE §-GK A

2E2 RHE S-G (3EQ [ NO: L)

¥E2 RKA (SEQ ID NO: 16)

RHE 5-GKB

ZE2 RHE 5-G (SEQ ID NO:1D)

2E2 BXB (SEQ ID NOG:17)

RHE S-GKC

2E2 RHE $-G (SEQ ID NO:11)

2E2 RKC (SEQ ID NO:18)

RHE S-GKD

2E2 RHE §-G (SEQ ID NO:11)

2E2 RKD (SEQ ID NO:19)

RHE S-GKE 2E2 RHE $-G (SEQ ID NO:11) 2E2 RKE (SEQ ID NO:20)
RHE 8-GKF 2E2 RHE $-G (SEQ ID NO:11) 7E2 RKF (SEQ ID NO:21)
RHE $-GKG 72 RHE -G (SEQ ID NO:11) 262 RK.G (SEQ ID NO:22)

RHE Trple-KA

262 RHE triple (SEQ ID NO: 14)

2E2 RKA (SEGQ D NO:16)

RHE Triple-KB

2E2 RHE tople (SEQ 1D NO:14)

2E2 BXB (SEQ ID NOG:17)

RHE Triple-KC 2E2 RHE triple (SEQ ID NO:14) 2E2 RKC (SEQ ID NO:18)
RHE Triple-KD B2 RHE triple (SEQ ID NO:14) 2E2 RKD (SEG ID NO:19)
RHE Triple-KE 2E2 RHE triple (SEQ ID NO:14) 2E2 RKE (SEQ ID NO:20)
RHE Triple-KF 7B2 RHE triple (SEQ ID NO:14) 7F2 RKF (SEQ ID NO:21)

RHE Triple-KG

2E2 RHE triple (SEQ 1D NO-14)

262 RK.G (SEQ ID NO:22)

RHE Triple-KF ot

282 RHE triple (SEQ ID NO:14)

2E2 REF P-Y mut (SEQ ID NG:24)

RHE Y-VKFnut

2EZ RHE Y-V (3EQ I NO:13)

2E2 RKF F-Y mut (SEQ 1D NO:24)

RHE E-DKFmut

2E2 RHE E-D (SEQ ID NO:12)

2EZ REF F-Y ot (SEQ 1D NO:24)

[4126] There are five classes of immumoglobuling: IgA | IgD, IgE, 126G and IgM, having heavy

chains designated a, 9, g, v and 1, respectively. The v and « classes are further divided into

subclasses e. g, humans express the following subclasses: 1gG1, 1gG2, 143, IgG4. IgAl and

IgA2 1g(1 antibodies can exist in multiple polvmorphic vanants termed allotypes (reviewed in

Jefferis and Lefranc 2009, mAbs Vol 1 Issue 4 1-7) any of which are suitable for use in some of

the embodiments herein. Common allotypic varants in hwman populations are those designated

by the letters a,f,n,z or combinations thercof. In any of the embodiments herein, the antibody

may comprise a heavy chain Fe region comprising a human IgG Fe region. In further

embodiments, the human IgG Fe region comprises a human IgG1 or IgG4. In some

embodiments, the antibody s an 1gG1 antibedy. In some embodiments, the antibody is an IgG4
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antibody. In some embodiments, the haman 1gG4 comprises the aming acid substitution $228P,
wheretn the amino acid residues are nambered according to the EU index as in Kabat. In some
embodiments, the human lgG1 comprises the amino acid sequence of SEQ 1D NO:78. In some
embodiments, the human IgG4 comprises the amino acid sequence of SEQ D N(G:79.

{8127} In some embodiments, provided herein is an anti-Siglec-8 antibody comprising a heavy
chain comprising the amino acid sequence of SEQ ID NO:75; and/or a hight chain comprising
the amino acid sequence selected from SEQ 1D NOs:76 or 77, In some embodiments, the
antibody may comprise a heavy chain comprising the amino acid sequence of SEQ 1D NO:§7;
and/or a light chain comprising the amino acid sequence of SEQ 1D NG:76. In some
embodiments, the anti-Siglec-8 antibody induces apoptosis of activated cosinophils. In some
embodiments, the anti-Siglec-8 antibody mduces apoptosis of resting cosinophils. In some
embodiments, the anti-Siglec-8 antibody depletes activated eosinophils and inhibits mast cell
activation. In some embodiments, the anti-Siglec-8 antibody depletes or reduces mast cells and
inhibits mast cell activation. In some embodiments, the anti-Siglec-8 antibody depleted or
reduces the number of mast cells. In some embodiments, the anti-Siglec-8 antibody kills mast
cells by ADCC activity. In some embodiments, the antibody depletes or reduces mast cells
expressing Siglec-8 n a tissue. In some emboduments, the antibody depletes or reduccs mast
cells expressing Siglec-8 in a biological fluid.

1. Antibodv Affimity

{0128} In some aspects, an anti-Siglec-8 antibody described herein binds to human Siglec-8
with about the same or higher affinity and/or higher avidity as compared to mouse antibody 2E2
and/or mouse antibody 2C4. In certain embodiments, an anti-Siglec-8 antibody provided herein
has a dissociation constant (Kdj of < 1uM, <150 nM, < 100 nM, <50 oM, < 10 nM, <1 oM,
<0.1nM <00l oM, or <0001 eM (o.g 10-8 M or less, e.g. from 10-8 Mt 10-13 M, 2.8,
from 10-9 M to 10-13 M). In some embodiments, an anti-Siglec-8 antibody described herein
binds to human Siglec-8 at about 1.5-fold, about 2- fold, about 3-fold, about 4-fold, about 5-told,
about 6-fold, about 7-fold, about 8-fold, about 9-fold or about 10-fold bigher affinity than mouse
antihbody 2E2 and/or mouse antibody 2C4. In some cmbodiments, the anti-Siglec-8 antibody
comprises a heavy chain variable region comprising the amino acid sequence of SEQ 1D NG:6;
and/or a light chain varable region comprising the amino acid sequence selected from SEQ 1D

NQOs: 16 or 21,



WO 2018/204868 PCT/US2018/031226

[3129]  In one embodiment, the binding affimity of the anti-Siglec-8 antibody can be
determuned by a surface plasmon resonance assay. For example, the Kd or Kd value can be
measurcd by using a BlAcore™-2000 or a BiAcore™-3000 (BlAcore, Inc., Piscataway, N.1.} at
25% € with immobilized antigen CMS chips at ~10 response units (RU). Briefly,
carboxymethylated dextran biosensor chips (CMS, BlAcore® Inc.} are activated with N-ethyl-
N'-(3-dimethylaminopropylj-carbodiimide hydrochloride (EDC) and N-hydroxysuccimimide
{INHS) according to the supplicr's mstructions. Capture antibodics {(¢.g., anti-human-Fc¢) are
diluted with 10 mM sodium acetate, pH 4.8, before imjection at a flow rate of 30 ul/minute and
further immobilized with an anti-Siglec-8 antibody. For kinetics measurements, two-fold serial
dilutions of dimeric Siglec-8 are injected i PBS with 0.05% Tween 20 (PBST)at 25° Cata
flow rate of approximately 25 ul/min. Association rates (Kon) and dissociation rates {Keg) are
calculated using a simple one-to-one Langmuir binding model (BlAcore® Evaluation Software
version 3.2} by simultancously fitting the association and dissociation sensorgrams. The
equilibrium dissociation constant {Kd) is calculated as the ratio koffkon. See, e.g.. Chen, Y, ¢
al., (1999} J. Mol. Biol. 293:865-881.
{3138]  In ancther cmbodiment, biolayer interferometry may be used to determine the affinity
of anti-Siglec-8 antibodies against Siglec-8. In an exemplary assay, Siglec-8-Fc tagged protein is
mmobilized onto anti-human capture sensors, and incubated with increasing concentrations of
mouse, chimeric, or humanized anti-Siglec-8 Fab fragments to obtain affinity measurements
psing an instrument such as, for example, the Octet Red 384 System (ForieBio).
{0131] The binding affintty of the anti-Siglec-8 antibody can, for example, also be determined
by the Scatchard analvsis desceribed in Munson et al., Anal. Biochem., 107:220 (1980) using
standard technigues well known 1 the relevant art. See alse Scatchard, G, Ann. NY. Acad. S
51:660 (1947).

2. Antibody Avidity

{8132} Insome embodiments, the binding avidity of the anti-Siglec-8 antibody can be
determined by a surface plasmon resonance assay. For example, the Kd or Kd value can be
measured by using a BlAcore T100. Capture antibodies {e.g.. goat-anti-human-F¢ and goat-anti-
mouse-Fe) are immobilized on a CM3 chip. Flow-cells can be immobilized with anti-human or
with anti-mouse antibodies. The assay 1s conducted at a certain temperature and flow rate, for
example, at 250C at a flow rate of 30ul/min. Dimeric Siglec-$ is diluted in assay buffer at

various concentrations, for example, at a concentration ranging from 15nM to
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1.88pM. Antibodies are captured and high performance injections are conducted, followed by
dissociations. Flow cells are regenerated with a buffer, for example, 30mM glycine pH 1.5
Results are blanked with an empty reference cell and multiple assay buffer injections, and
analvzed with 1:1 global fit parameters.

3. Competition Assavs

10133} Competition-assays can be used to determine whether two antibodies bind the same
cpitope by recognizing identical or sterically overlapping epitopes or one antibody competitively
mhibits binding of another antibody to the antigen. These assays are known 1n the art. Tvpically,
antigen or antigen expressing cells is imunchilized on a multi-well plate and the abifity of
unlabeled antibodies to block the binding of labeled antibodies is measured. Common labels for
such competition assays are radioactive labels or enzyme labels. In some embodiments, an anti-
Siglec-8 antibody described herein competes with a 2E2 antibody described herein, for binding
to the epitope present on the cell surface of a cell {e.g.. a mast cell}. In some embodiments, an
anti-Siglec-8 antibody described herein competes with an antibody comprising a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NG: |, and a light chain
variable region comprising the amino acid sequence of SEQ D NO: 15, for binding to the
epitope prosent on the cell surface of a cell {e.g., a mast cell). In some embodiments, an anti-
Sigiec~-8 antibody described herein competes with a 2C4 antibody described heremn, for binding
to the epitope present on the cell surface of a cell {e.g., a mast cell}. In some embodiments, an
anti-Siglec-8 antibody described herein competes with an antibody comprising a heavy chain
variablc domain comprising the amine acid sequence of SEQ 1D NG:2 (as found in U.5. Pat. No.
3,207.305), and a light chain variable region comprising the amino acid sequence of SEQ 1D
NG:4 (as found 1n U.S. Pat. No. 8,207,305), for binding to the epitope present on the cell surface
of acell {e.g., a mast cell}.

4. Thermal Stabiiy

[0134]  In some aspects, an anti-Siglec-8 described herein has a melting teroperature {Tm) of
at least about 70°C, at least about 71°C, or at least about 72°C i a thermal shift assay. In an
cxemplary thermal shift assay, samples comprising a humanized anti-Siglec-8 antibody are
meubated with a fluorescent dve (Svpro Orange) for 71 cycles with 1°C increase per cycie in a
gPCR thermal cycler to determine the Tm. In some embodiments, the anti-Siglec-8 antibody has
a similar or higher Tm as compared to mouse 2E2 antibody and/or mouse 2C4 antibody. In some

embodiments, the anti-Siglec-8 antibody comprnses a heavy chain variable region comprising the
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amino acid sequence of SEQ ID NO:6; and/or a light chain variable region comprising the amino
acid sequence sclected from SEQ ID NOs: 16 or 21, In some embodiments, the anti-Siglec-#
antibody has the same or higher Tm as compared to a chimernc 2C4 antibody. In some
embodiments, the anti-Siglec-8 antibody has the same or higher Tm as compared to an antibody
having a heavy chain comprising the amino acid sequence of SEQ ID N(O:84 and a hght cham
compnsing the amino acid sequence of SEQ 1D NG:835.

5. Biological Activity Assavs

{3135} In some embodiments, an anti-Siglec-8 antibody described herein depletes mast cells.
Assays for assessing apoptosis of cells are well known in the art, for example staining with
Annexin ¥V and the TUNNEL assay.

{8136} In some embodiments, an anti-Siglec-8 antibody described herein induces ADCC
activity. In some embodiments, an anti-Siglec-8 antibody deseribed herein kills mast cells
expressing Siglec-8 by ABCC activity. In some embodiments, a composition comprises nomn-
fucosylated ¢i.e., afucosylated) anti-Siglec-8 antibodics. In some embodiments, a composition
coraprising non-fucosylated anti-Siglec-8 antibodies deseribed herein enhances ADCC activity
as compared to a composition comprising partially fucosviated anti-Siglec-8 antibodies. Assays
for assessing ADCC activity are well known in the art and described herein. In an exemplary
assay, to measure ADCC activity, effector cells and target cells are used. Examples of effector
cells mnclude natural killer {NK) cells, large granular lymphocytes {LGL}, lyvmphokine-activated
killer (LAK) cells and PBMC comprising NK and LGL, or leukocyies having Fc receptors on
the ccll surfaces, such as neutrophuls, cosinophils and macrophages. Effector cells can be
isolated from any source including individuals with a disease of interest (e.g., an allergic ocular
disease). The target cell is any cell which expresses on the cell surface antigens that antibodies to
be evaluated can recognize. An example of such a target cell 1s a mast cell which expresses
Siglec-8 on the cell surface. Another example of such a target cell is a cell line (e.g., Ramos ccll
hine) which expresses Siglec-8 on the cell surface (e g, Ramos 2C10}). Target cells can be
labeled with a reagent that enables detection of cytolysis. Examples of reagents for labeling
inchude a radio-active substance such as sodium chromate (Na, *'CrOy). See, e. g., Immunclogy,
14, 181 (1968}, J. Immunol. Methods., 172, 227 (1994); and J. Immuncl. dethods., 184, 29
(1993},

13137} In ancther exemplary assay to assess ADCC and apoptotic activity of anti-Siglec-8

antibodics on mast cells, human mast cells are 1solated from human tissues or biclogical fluids



WO 2018/204868 PCT/US2018/031226

according to published protocols (Guhl et al., Biosci. Biotechnol Biochem ., 2011, 75.382-384;
Kulka et al , fn Current Protocols in Immunclogy, 2001, (John Wiley & Sons, Inc )} or
differentiated from human hematopoictic stera cells, for example as described by Yokotet al,, J
Allergy Clin Immuno!., 2008, 121:499-305. Punified mast cells are resuspended in Complete
RPMI medium in a sterile 96-well U-bottom plate and incubated in the presence or absence of
anti-Siglec-S antibodies for 30 minutes at concentrations ranging between $.0001 ng/ml and 10
ug/mi. Samples are incubated for a further 4 to 48 hours with and without purified natural killer
(MK cells or fresh PBL to induce ADCC. Cell-killing by apoptosis or ADCC is analyzed by
flow cytometry asing fluorescent conjugated antibodics to detect mast cells (CD117 and FesR1)
and Annexin-¥Y and TAAD to discriminate live and dead or dyving cells. Annexin-V and TAAD
staining are performed according to manufacturer’s instructions.
{0138] In some aspects, an anti-Siglec-8 antibody described hercin inhtbits mast cell-mediated
activities. Mast cell tryptase has been used as a biomarker for total mast cell number and
activation. For example, total and active tryptase as well as histamine, N-methyl histamine, and
11-beta-prostaglandin F2 can be measured 1o blood or urine to assess the reduction in mast cells.
Sce, e.g., U.S. Patent Application Publication No. US 20110293631 for an exemplary mast cell
activity assay.

£ Antibody Preparation
13139}  The antibody described herein {e. 2., an antibody that binds to human Siglec-8) is
prepared using technigues available in the art for generating antibodies, exemplary methods of
which are described in more detail 1n the following sections.

1. Antibodv Fragments

{0146} The present disclosure encompasses antibody fragments. Antibody fragments may be
generated by traditional means, such as enzymatic digestion, or by recombinant technigues. In
certain circumstances there are advantages of using antibody fragments, rather than whoele
antibodies. For a review of certain antibody fragments, see Hudson et al. {2003} Nat. Med.
9:129-134,

{8141} Various techngues have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteclvtic digestion of intact antibodics {see,
¢.g., Morimoto et al., Journal of Biochemical and Biophysical Methods 24:167-117 (1992); and
Brennan et al., Science, 229:81 (1985)). However, these fragments can now be produced directly

by recombinant host cells. Fab, Fv and ScFv antibody fragments can all be expressed in and
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secreted from . cofi, thus allowing the facile production of large amounts of these fragments.
Antibody fragments can be isolated from the antibody phage libraries discussed above.
Alternatively, Fab'-SH fragments can be directly recovered from £. cofi and chenically coupled
to form F(ab’); fragments (Carter et al., Bio/Technology 10: 163-167 (1992)}. According to
another approach, F(ab'), fragments can be isolated directly from recombinant host cell calture.
Fab and F{ab"p fragment with increased in vivo halftlife comprising salvage receptor binding
cpitope residucs are deseribed m U.S. Pat. No. 5,869,046, Other techniques for the production of
antibody fragments will be apparent to the skilled practitioner. In certaim embodiments, an
antibody is a single chain Fv fragment (sckFv}. See WO 93/16185; U 5. Pat. Nos. 5,571,894 and
5,587,458, Fv and scFv are the only species with intact combining sttes that are devoid of
constant regions; thus, they may be suitable for reduced nonspecific binding during in vivo use.
scFv fusion proteins may be constructed to yvield fusion of an effector protein at either the aming
or the carboxy terminus of an scFv. See Antibody Engineering, ed. Borrebasck, supra. The
antibody fragment may also be a “linear antibody”, e.g., as described in U.S. Pat. No. 5,641,870,
for example. Such hinear antibodies mayv be monospecific or bispecific.

2. Humanized Antibodics
10142} The present disclosure encompasses humanized antibodies. Various methods for
humanizing von-human antibodics are known n the art. For example, a humanized antibody can
have one or more amino acid residucs ntroduced nto it from a source which 1s non-human.
These non-human amino acid residues are often referred to as “mmport” residues, which are
typically taken from an “mmport” variable domain. Humanization can be cssentially performed
following the method of Winter (Jones et al. (1986) Nature 321:522-525; Riechmann et al.
{1988} Nature 332:323-327; Verhoeven et al. {1988} Science 239:1534-1536), by substituting
hvpervariable region sequenaes for the corresponding sequences of a human antibody.
Accordingly, such “humanized” antibodies are chimeric antibodics (U.5. Pat. No. 4,816,567}
wherein substantially less than an intact human variable domain has been substitoted by the
corresponding sequence from a non-human species. In practice, humanized antibodies are
typically human antibodics 1n which some hypervanable region residues and possibly some FR
residues are substituted by residues from analogous sites in rodent antibodies.
[#143] The choice of human vanable domains, both light and heavy, to be used in making the
humanized antibodies can be mmportant to reduce antigenicity. According to the so-called “best-

fit” method, the sequence of the variable domain of a rodent (2. 2., mouse) antibody is screencd
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against the entire hbrary of known human variable-domain sequences. The human sequence
which is closest to that of the rodent is then aceepted as the human framework for the homanized
antibody (Sims et al. (1993} J. fmmunol 151:2296; Chothia et al. (1987} J. Mol. Biol. 196:901.
Another method uses a particular framework denived from the consensus sequence of all buman
antibodies of a particolar subgroap of light or heavy chains. The same framework may be used
for several different humanized antibodies (Carter et al. (1992) Proc. Natl. Acad. Sci. USA,
89:4285: Presta ot al. (1993).7 Immunol, 151:2623.

{0144} It 1s further generally desirable that antibodies be humanized with retention of high
affiraty for the antigen and other favorable biclogical properties. To achieve this goal, according
o one method, bumanized antibodies are prepared by a process of analysis of the parental
sequences and various conceptual humanized products using three-dimensional models of the
parental and humanized sequences. Three-dimensional immunoglobulin models are commonly
available and are familiar to those, skilled in the art. Computer programs are available which
illustrate and display probable three-dimensional conformational structures of selected candidate
mmmunoglobulin sequences. Inspection of these displays permits analysis of the hikely role of the
residues in the functioning of the candidate immunoglobulin sequence, ¢, the analysis of
residucs that influcnce the ability of the candidate vnmunoglobulin to bind its antigen. In this
way, FR residues can be selected and combined from the recipient and import sequences so that
the desired antibody characteristic, such as increased affinity for the target antigen(s}, is
achigved. fo general, the hypervariable region residues are directly and most substantially
mvolved in influencing antigen binding.

3. Human Antibodies

[3145] Human anti-Siglec-8 antibodies of the present disclosure can be constructed by
combining Fv clone variable domain sequence{(s) selected from human-derived phage display
librarics with known human constant domain sequences(s). Alternatively, human monoclonal
anti-Siglec-8 antibodies of the present disclosure can be made by the hyvbridoma method. Human
myeloma and mouse-haman heteromyeloma cell lines for the prodection of human monoclonal
antibodies have been described, for example, by Kozbor.J. fmmmmol | 133: 3001 (1984); Brodeur
et al., Monoclonal Antibody Production Techmiques and Applications, pp. 51-63 (Marcel

Diekker, Inc., New York, 1987); and Boerner et al., J. Immunol |, 147: 86 {1991).

10146} It 15 possible to produce transgenic ammals (e.g., mice) that are capable, upon

mmunization, of producing a full repertoire of buman antibodies in the absence of endogenous
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mmnunoglobulin production. For example, it has been described that the homozygous deletion of
the antibody heavy-chain joining region {JH) gene in chimeric and germ-line mutant mice results
m complete inhibition of endogenous antibody production. Transfer of the human germ-line
mmmunoglobulin gene array in such germ-line mutant mice will result 1n the production of
human antibodics upon antigen challenge. See, e g, Jakobovits et al., Proc. Natl. Acad. Scei.
{U8SA, 90: 2551 (1993); Jakobovits et al, Narmre, 362: 235 (1993} Bruggermann et al.| Year in
Immunol., T 33 {1993},

{3147}  Gene shuffling can also be used to denve human antibodies from non-human (e.g.,
rodent} antibodies, where the human antibody has sinnlar affimaties and specificities to the
starting non~-human antibody. According to this method, which is also called “epitope
mprinting”, either the heavy or light cham variable region of a non-human antibody fragment
obtained by phage display technigues as described herein is replaced with a repertoire of human
V domain genes, creating a population of non-human chain/human chain scFv or Fab chimeras.
Selection with antigen results in 1solation of a non-human chain/human chain chimeric sckFv or
Fab wherein the human chain restores the antigen binding site destroyed upon removal of the
corrgsponding non-human chain in the primary phage display clone, i.e., the epitope governs the
choice of the human chain partner. When the process is repeated in order to replace the
remaining non-human cham, a human antibody 18 obtained (see PCT WO 93/06213 published
Apr. 1, 1993}, Unlike traditional humanization of non-human antibodies by CDR grafting, this
techrique provides completely human antibodies, which have no FR or CBR residues of non-
buman origin.

4. Bispecific Antibodies

[#148] Bispecific antibodies are monocional antibodies that have binding specificities for at
cast two different antigens. In certain embodiments, bispecific antibodics are human or
humanized antibodies. In certarn embodiments, one of the binding specificities is for Siglec-8
and the other is for any other antigen. In certain embodiments, bispecific antibodies may bind to
two different epitopes of Siglec-8. Bispecific antibodies may also be used to localize eytotoxic
agents to cells which express Siglec-8. Bispecific antibodies can be prepared as full length
antibodies or antibody fragments {e.g. F(ab'), bispecific antibodies).

[3149]  Methods for making bispecific antibodies are known in the art. See Milstein and
Cuello, Nature, 305; 537 (1983}, WO 93/08429 published May 13, 1993, and Traunecker et al
EMBO J, 10: 3655 (1991}, For further details of generating bispecific antibodies see, for
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example, Suresh et al., Methods in Enzymology, 121:210 (1986}, Bispeetfic antibodies inchide
cross-linked or “heteroconjugate” antibodies. For example, one of the antibodies in the
heteroconjugate can be coupled to avidin, the other to biotin. Heteroconjugate antibodies may be
made using any convenient cross-linking method. Suitable cross-linking agents are well known
i the art, and are disclosed m U.S. Pat. No. 4,676,980, along with a number of cross-linking
techniques.

5. Single-Domain Antibodics
[3156] In some embodiments, an antibody of the present disclosure is a single-domain
antibody. A simgle-domain antibody 1s a single polypeptide chain compusing all or a portion of
the heavy chain variable domain or all or a portion of the light chain variable domam of an
antibody. In certain embodiments, a singie~-domain antibody is a human smgle-domam antibody
{Domantis, Inc., Waltham, Mass.; see, ¢.g., U8, Pat. No. 6,248,516 B1}. In one embodiment, a
single-domain antibody consists of all or a portion of the heavy chain varnable domain of an
antibody.

6. Antibody Vanants

{31531}  In some embodiments, amino acid sequence modification{s} of the antibodies described
herein are contemplated. For example, it may be desirable to improve the binding affinity and/or
other biological properties of the antibody. Amino acid sequence variants of the antibody may be
prepared by mtroducing appropriate changes into the nuclectide sequence encoding the
antibody, or by peptide synthesis. Such modifications include, for example, deletions from,
and/or insertions into and/or substitutions of, residuces within the amino acid sequences of the
antibody. Any combmnation of deletion, insertion, and substitution can be made to ammive at the
final construct, provided that the final construct possesses the desired characteristics. The amino
acid alterations may be introduced in the subject antibody aming acid sequence at the time that
sequence is made,

{8152} A useful method for identification of certain residues or regions of the antibody that are
preferred locations for mutagenesis is called “alanine scanning mutagenesis™ as described by
Cunningham and Wells (1989} Science, 244:1081-1085. Here, a residue or group of target
residues are identified {¢.g., charged residues such as arg, asp, hig, tvs, and glu) and replaced by
aneutral or negatively charged amino acid {e.g., alanine or polyalanine) to affect the interaction
of the aming acids with antigen. Those amine acid locations demonstrating functional seasitivity

to the substitutions then are refined by introducing further or other variants at, or for, the sites of
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substitution. Thus, while the site for introducing an amine acid sequence variation is
predetermined, the nature of the mtation per se need not be predetermined. For example, to
analyze the performance of a mutation at a given site, ala scanning or random mutagencsis is
conducted at the target codon or region and the expressed immunoglobuling are screened for the
desired activity.

18153}  Aminoc acid sequence insertions inchude anmino- and/or carboxyl-terminal fusions
ranging in length from oune residue to polvpeptides containing a hundred or more residues, as
well as mtrasequence insertions of single or multiple amino acid residues. Examples of terminal
msertions include an antibody with an N-terminal methionvi residue. Gther insertional variants
of the antibody molecule include the fusion to the N- or C-ternvinus of the antibody to an
enzyme or a polypeptide which increases the serum halt-life of the antibody.

{8154} In some embodiments, monoclonal antibodies have a C-terminal cleavage at the heavy
chain and/or ight chain. For example, 1, 2, 3, 4, or 5§ amino acid residues are cleaved at the C-
terminus of heavy chain and/or hight chain. In some embodiments, the C~terminal cleavage
removes a C-terminal ysine from the heavy chamn. In some embodiments, monocional
antibodies have an N-terminal cleavage at the heavy chain and/or light chain. For example, 1, 2,
3,4, or S amino acid residues are cleaved at the N-terminus of heavy chain and/or light chain. in
some embodiments, truncated forms of monoclonal antibodies can be made by recombinant
techmiques.

{0155]  In certain embodiments, an antibody of the present disclosure is altered to increase or
decrease the extent to which the antibody is glycosyiated. Glycosyiation of polypeptides is
typically either N-linked or O-linked. N-linked refers to the attachment of a carbohvdrate moiety
to the side chain of an asparagine residue. The tripeptide sequences asparagineg-X-serine and
asparagine- X-threonine, where X is any amino acid except proline, are the recognition
sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chaim.
Thus, the presence of either of these tnpeptide sequences in a polypeptide creates a potential
glveosylation site. O-linked glvcosylation refers to the attachment of one of the sugars N-
acevigalactosamine, galactose, or xylose to a hydroxyamine acid, most comamonly serine or
threonine, although S-hvdroxyprohine or 3-hydroxylyvsme may also be used.

[3136]  Addition or deletion of glveosylation sites to the antibody is conveniently
accomplished by altening the amino acid sequence such that one or more of the above-described

tripeptide sequences (for N-linked glvcosyiation sites) is created or removed. The alteration may

-6~
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also be made by the addition, deletion, or substitution of one or more serine or threonine
residues to the sequence of the original antibody (for G-linked glycosylation sites}).

{0157} Where the antibody comprises an Fe region, the carbohvdrate attached thereto may be
altered. For example, antibodies with a mature carbohvdrate structure that lacks fucose attached
to an Fe region of the antibody are described in US Pat Appl No US 2003/0157108 (Presta, L.).
See also US 2004/0093621 (Kyvowa Hakko Kogyo Co., Ltd). Antibodics with a bisecting N-
acetylighucosamine {GleNAg) in the carbohydrate attached to an Fe region of the antibody are
referenced m WO 2003/01 1878, Jean-Mairet ¢t al. and U.S. Pat. No. 6,602,684, Umana et al.
Antibodies with at least one galactose residue in the oligosacchande attached to an Fo region of
the antibody are reported in WO 1997/30087, Patel et al. Sec, also, WO 1998/58964 (Raju, 5.)
and WO 1999/22764 (Raju, S5.) conceming antibodies with altered carbohydrate attached to the
Fc region thereof. Sec also US 2005/0123546 (Umana et al) on antigen-binding molecules with
modified glycosylation.

{0158} In certain embodiments, a glycosylation variant compnses an Fe region, wheren a
carbohydrate structure attached to the Fe region lacks fucose. Such varants have improved
ADCC function. Optionally, the Fc region further comprises one or more amino acid
substitutions therein which further improve ADCC, for exanmple, substitutions at positions 298,
333, and/or 334 of the Fc region (Eu numbering of residues). Examples of publications related to
“defucosviated” or “fucose-deficient” antibodies mnclude: US 2003/0157108; W( 2000/61739;
WO 2001/29246; US 2003/0115614; US 2002/0164328; US 2004/0093621; US 2004/0132140;
US 2004/0110704; US 2004/0110282; US 2004/0109865; WO 2003/085119; WO 2003/084570;
WO 2005/035586; WO 2005/035778; W(2005/053742; Gkazaki ¢t al. J. Mol Biol. 336:1239-
1249 (2004}3; Yamane-Ohnuki et al. Biotech. Biceng. 87: 614 (2004). Examples of cell lines
producing defucosvlated antibodies mclude Lec13 CHO cells deficient in protein fucosylation
{Ripka et al. Arch. Biochem. Biophys. 249:533-545 (1986); US Pat Appl No US 2003/0157108
Al Presta, L; and WO 2004/056312 A1, Adams et al., especially at Example 11), and knockout
cell lines, such as alpha-1 6-fucosyltransferase gene, FUTE, knockout CHO cells (Yamane-
Ohuouk: et al. Biotech. Bioeng. 87: 614 (2004)), and celis overexpressing B1,4-N-
acetylglyeosminyltransferase {1 (GnT-111) and Golgi y-mannosidase H (Manli).

[3139]  Antibodies are contemplated herein that have reduced fucose relative to the amount of
fucose on the same antibody produced in a wild-type CHO cell. For example, the antibody has a

lower amount of fucose than it would otherwise have if produced by native CHO cells{c g, a
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CHO cell that produce a native glycosylation pattern, such as, a CHO cell contaiming a native
FUTE gene}. In certain embodiments, an anti-Siglec-8 antibody provided herein is one wherein
less than about 50%, 40%, 30%, 20%, 10%, 5% or 1% of the N-linked glycans thercon comprise
fucose. In certain embodiments, an anti-Siglec-8 antibody provided herein is one wherein none
of the N-linked glycans thereon comprise fucose, 1.¢., wherein the antibody 1s completely
without fucose, or has no fucose or is non-fucosylated or is afucosylated. The amount of fucose
can be determined by calculating the average amount of fucose within the sugar chain at
Asn297, relative to the sum of all glvcostructures attached to Asn297 (e.g., complex, hybnd and
high mannose structures) as measured by MALDI-TOF mass spectrometry, as described in WO
2008/077546, for example. Asn297 refers to the asparagine residue located at about position 297
i the Fe region (Eu numbermg of Fe region residues); however, Asn297 may also be locate
about + 3 amine acids upstream or downstream of position 297 t.e., between positions 294 and
300, due to minor sequence variations in antibodies. In some embodiments, at least one or two of
the heavy chains of the antibody is non-fucosylated.

[3166] In one embodiment, the antibody 1s altered to improve its serum half-hife. To increase
the serum half-life of the antubody, one may ncorporate a salvage receptor binding epitope mito
the antibody (especially an antibody fragment) as described 1o U.S. Pat. No. 5,739,277, for
example. As used herein, the term “salvage receptor binding epitope” refers to an epitope of the
Fc region of an IgG molecule {e.g, [gG1, 1g(G2, 1o(3, or Jg(G4} that is responsible for increasing
the 10 vive senum half-hife of the IgG molecule (US 2003/6190311, U.S. Pat. No. 6,821,505,

U.S. Pat. No. 6,165,745, US. Pat. No. 5,624,821, U.S. Pat. No. 5,648,260; U S. Pat. No.
6,165,745, U.S. Pat. No. 5,834,597},

{#161]  Another type of variant 13 an amino acid substitution variant. These variants have at
cast one aming acid residue in the antibody molecule replaced by a different residue. Sites of
mterest for substitutional mutagenesis include the hypervariable regions, but FR alierations are
also contemplated. Conservative substitutions are shown i Table 5 under the heading of
“preferred substitutions.” If such substitutions result in a desirable change in biclogical activity,
then more substantial changes, denoninated “exemplary substitutions” in Table 5, or as further

described below in reference to amimo acid classes, may be introduced and the products

screcned.
Table 5.

. ) o Preferred
Oniginal Residue Exemplary Substitutions R

g e prary Substitutions
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Ala{A) Val; Leu; e Val
Arg (R} Lys; Gin; Asn Lvs
Asn (N) Gln; His; Asgp, Lvs, Arg Gin
Asp (D) Glu; Asn Glu
Cys (C) Ser; Ala Ser
Gln () Asn; Glu Asn
Giu (F) Asp; Gln Asp
Gly (G} Ala Ala
His (H) Asn; Gl Lys; Arp Arg
Leu; Val; Met; Ala; Phe;
fle (1) Norleucine Leu
Len (L) I\joﬂeucine; He: Val Met; Ala T
Phe

Lyvs (K} Arg: Gln; Asn Arg
Met (M) Leu; Phe; lle Leu
Phe (F) Trp; Leu; Val; He: Ala; Tyr Tyr
Pro (P) Ala Ala
Ser (S} Thr Thr
The (T} Val; Ser Ser
Trp (W) Tyr: Phe Tyr
Tvr (Y3 Tro; Phe; Thr; Ser Phe
Val (V) He; Leu: Met; Phe; Ala; Leu

Norleucine

{3162} Substantial modifications in the biological propertics of the antibody are accomplished

by selecting substifutions that differ significantly in their effect on maintaining {a) the structure

of the polvpeptide backbone n the area of the substitution, for example, as a sheet or helical

conformation, (b} the charge or hydrophobicity of the molecule at the target site, or ¢} the bulk

of the side chain. Amino acids may be grouped according to stmlarities in the properties of their

side chains (in A. L. Lehminger, in Biochemistry, second ed., pp. 73-75, Worth Publishers, New

York (1975)):

{1} non-polar: Ala (A), Val (V), Leu (L), le (I}, Pro (P), Phe (F), Trp (W), Met (M)
{2} uncharged polar: Gly (G), Ser (8), Thr (T}, Cys (T, Tyr (Y), Asn (N), Gin ()
{3} acidic: Asp (D), Glu (B}

{4} basic: Lys {K}, Arg (R}, His (H)

10163} Alternatively, naturally occurring residues may be divided into groups based on

common side-chain properties:

(1) hvdrophobic: Norleucine, Met, Ala, Val, Leuy, le;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

(3) acidic: Asp, Ghu;
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{(4) basic: His, Lys, Arg;

{5} residucs that influence chain onentation: Gly, Pro;

(6) aromatic: Trp, Tvr, Phe.
[8164] Non-conservative substitutions will entail exchanging a member of one of'these classes
for ancther class. Such substituted residues also may be introduced into the conservative
substitution sites or, into the remaining (non-conserved) sites.
{3165} One type of substitutional vanant involves substituting one or more hypervariable
region residues of a parent antibody (¢.g., a humanized or human antibody). Generally, the
resulting variant(s} selected for further development will have modified {e.g., improved)
biological propertics relative to the parent antibody from which they are generated. A convenient
way for generating such substitutional vanants imvolves affinity maturation using phage display.
Briefly, several hvpervariable region sites {¢.g., 6-7 sites) are mutated to generate all possible
amino acid substitutions at each site. The antibodies thus generated are displayed from
filamentous phage particles as fusions to at least part of a phage coat protein {¢.g., the gene 1}
product of M13) packaged within each particle. The phage-displaved variants are then screened
for their biological activity {e.g., binding affinitv}. In order to identify candidate hypervariable
region sites for modification, scanning nwitagenesis (e.g., alanine scanning) can be performed to
wdentify hypervarable region residues contributing significantly to antigen binding.
Altemnatively, or additionally, it may be beneficial to analvze a crystal structure of the antigen-
antibody complex to wdentify contact points between the antibody and antigen. Soch contact
residues and neighboring residues are candidates for substitution according to techniques known
m the art, including those elaborated herein. Once such variants are generated, the panel of
variants is subjected to screening using technigques known in the art, including those deseribed
herein, and antibodies with saperior propertics in one or more relevant assays may be selected
for turther development.
[8166] Nucleic actd molecules encoding amine acid sequence variants of the antibody are
prepared by a variety of methods known in the art. These methods include, but are not fimited to,
isolation from a natural source {in the case of naturally occurring amino acid scquence variants)
or preparation by oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis,
and cassette mutagenesis of an earlier prepared variant or a non-variant version of the antibody.
13167} It may be desirable to introduce one or more aming acid modifications in an Fo region

of antibodies of the present disclosure, therchy generating an Fe region variant. The Fe region
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variant may comprise a human Fe region sequence {e.g., a human [gG1, G2, 1gG3 or IgG4 o
region) comprising an amino acid modification (¢.g., a substitution} at one or more amino acid
positions inchuding that of a hinge cysteine. In some embodiments, the Fe region variant
comprises a human Ig(4 Fe region. In a further embodiment, the human IgG4 Fo region
comprises the amino acid substitition S228P, wheretn the amino acid residues are naombered
according to the EU index as in Kabat,
{30168} In accordance with this description and the teachings of the art, it is contemplated that
m some embodiments, an antibody of the present disclosure may comprise one or more
alterations as compared to the wild type counterpart antibody, e.g. in the F¢ region. These
antibodics would nonetheless retain substantially the same characteristics required for
therapeutic utility as compared to their wild type counterpart. For example, it 1s thought that
certain alterations can be made in the Fc region that would result in altered (1.e, either improved
or diminished) Clyg binding and/or Complement Dependent Cytotoxicity (CDCY c.g., as
described m WO99/51642. Sce also Duncan & Winter Nature 322:738~40 (198%); U.S. Pat. No.
5,648,260, U.S. Pat. No. 5,624,821; and W(94/29351 concerning other examples of Fe region
variants. WO00/42072 (Presta) and WO 2004/056312 (Lowman) describe antibody variants with
mmproved or diminished binding to FeRs. The content of these patent publications arc
specificallv mcorporated herein by reference. See, also, Shields et al. § Biol. Chem. 9(2): 6591~
6604 (2001). Antibodies with imcreased half-hives and improved binding to the neonatal Fe
receptor (FeRn), which is responsible for the transfer of maternal Ig(5s to the fetus (Guyveretal |
F Imvaunol. 117:387 (1976) and Kim et al, J. Invauncl. 24:249 (1994)), are descabed in
US2005/0014934A1 (Hinton et al). These antibodies comprise an Fe region with one or more
substitutions therein which improve binding of the Fe region to FcRa. Polypeptide variants with
altered Fe region amino acid sequences and increased or decreased Clg binding capability are
described in U8, Pat. No. 6,194,551B1, W099/51642. The contents of those patent publications
are specifically incorporated herein by reference. See, also, Idusogic ot al. J. Immunel. 164
4178-4184 {2000).

7. ¥Vectors, Host Cells, and Recombinant Methods

{3169} For recombinant production of an antibody of the present disclosure, the nucleic acid
encoding it is isolated and inserted into a replicable vector for further cloning (amplification of
the DNA) or for expression. DNA encoding the antibody 1s readily isclated and sequenced using

conventional procedures {¢.g., by using oligonucleotide probes that arc capable of binding
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specifically to genes encoding the heavy and light chains of the antibody). Many vectors are
available. The choice of vector depends in part on the host cell to be used. Generally, host cells
arc of cither prokarvotic or eukaryotic {gencrally mammalian} origin. It will be appreciated that
constant regions of any 1sotype can be used for this purpose, including IeG, IgM, IgA, gD, and
IgE constant regions, and that such constant regions can be obtained from any hwman or anmimal
SPeCics.

Generating Antibodies Using Prokaryotic Hest Cells:

a) Vector Construction
10170} Pobymucleotide sequences encoding polypeptide components of the antibody of the
present disclosure can be obtained using standard recombinant techniques. Desired
polvnucleotide sequences may be isolated and sequenced from antibody producing cells such ags
hybridoma cells. Alternatively, polynuclectides can be synthesized using nucleotide synthesizer
or PCR techniques. Once obtained, sequences encoding the polyvpeptides are inserted intc a
recombinant vector capable of replicating and expressing heterologous polyvnucicotides in
prokaryotic hosts. Manv vectors that are available and known in the art can be used for the
purpose of the present disclosure. Selection of an appropriate vector will depend mainly on the
size of the nucleic acids to be inserted into the vector and the particular host cell to be
transformed with the vector. Each vector contains various componenis, depending on ifs
function (amplification or expression of heterologous polynucleotide, or both) and 1ts
compatibility with the particolar host cell in which it resides. The vector components generally
include, but are not himited to: an origin of rephication, a selection marker gene, a promoter, a
ribosome binding site (RBS), a signal sequence, the heterologous nucleic acid insert and a
transcription termination sequence.
10171} In eeneral, plasmid vectors containing replicon and control sequences which are
derived from species compatible with the host cell are used in connection with these hosts. The
vector ordinarily carries a replication site, as well as marking sequences which are capable of
providing phenotypic selection in transformed cells. For example, E. coli is typically
transformed using pBR322, a plasmid denived from an £. colt species. pBR322 contains genes-
encoding ampicithin (Amp} and tetracvclme (Tet) resistance and thus provides easy means for
wdentifying transformed cells. pBR322, its derivatives, or other microbial plasmids or
bacteriophage may also contain, or be modified to contain, promoters which can be used by the

microbial organism for expression of endogenous proteins. Examples of pBR3272 derivatives
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used for expression of particular antibodies are described in detail in Carter et al, U5, Pat. No.
5,648,237,

{0172} 1o addition, phage vectors containing replicon and control sequences that are
compatible with the host microorganism can be used as transtorming vectors i connection with
these hosts. For example, bacteriophage such as AGEM.TM.-11 may be utilized 1n making a
recombinant vector which can be used to transform susceptible host colls such as E. colt LHE392.
{0173] The cxpression vector of the present disclosure may comprise two of more promoter-
cistron pairs, encoding cach of the polypeptide components. A promoter is an untranslated
regulatory sequence located upstream (5') o a cistron that modulates its expression. Prokarvotic
promoters typically fall into two classes, inducible and constitutive. Inducible promoteris a
promoter that initiates increased levels of transcription of the cistron under its control in
response to changes in the calture condition, e.g. the presence or absence of anutrient or a
change in temperature.

{0174] A large number of promoters recognized by a varniety of potential host cells are well
known. The selected promoter can be operably linked to cistron DNA encoding the light or
heavy chain by removing the promoter from the source DNA via restriction enzyme digestion
and inserting the isolated promoter sequence mto the vector of the present disclosure. Both the
native promoter sequence and many heterologous promoters may be used to direct amplhification
and/or expression of the target genes. In some embodiments, heterclogous promoters are
utihized, as they generally permit greater transcription and higher yields of expressed target genc
as compared to the native target polypeptide promoter.

{3175} Promoters suitable for use with prokaryotic hosts include the PhoA promoter, the B-
galactamase and lactose promoter systems, a tryptophan (trp) promoter system and hybrid
promoters such as the tac or the tre promoter. However, other promoters that are functional in
bacteria (such as other known bacterial or phage promoters}) are suitable as well. Their
nucleotide sequences have been published, thereby enabling a skilled worker operably to ligate
them to cistrons encoding the target light and heavy chains (Sicbenlist et al. (1980} Cell 20: 269)
using linkers or adaptors to supply any required restriction sites.

[1176]  In one aspect of the present disclosure, each cistron within the recombinant vector
comprises a secretion signal sequence component that directs translocation of the expressed
polypeptides across a membrane. In general, the signal sequence may be a component of the

vector, or it may be a part of the target polypeptide DNA that is inserted imto the vector. The
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2]

gnal sequence selected for the purpose of the present disclosure should be one that is

&

I/

recognized and processed (L.e. cleaved by a signal peptidase) by the host cell. For prokaryotic
host cells that do not recognize and process the signal sequences native to the heterologous
polvpeptides, the signal sequence is substituted by a prokarvotic signal sequence selected, for
example, from the group consisting of the alkaline phosphatase, penicillinase, Ipp, or heat-stable
enterotoxin H (STH) leaders, LamB, PhoE, PelB, OmpA and MBP. In one embodiment of the
present disclosure, the signal sequences used i both cistrons of the expression system are STH
signal sequences or varants thereot

10177} In ancther aspect, the produaction of the imvmumoglobulins according to the present
disclosure can occur in the cytoplasm of the host cell, and therefore does not require the
presence of secretion signal sequences within each cistron. In that regard, immunoglobulin hight
and heavy chains are expressed, folded and assembled to form functional immunoglobuling
within the ovtoplasm. Certain host strains (e.g., the E. coli trxB-strains) provide cyvtoplasm
conditions that are favorable for disulfide bond formation, thereby permitting proper folding and
assembly of expressed protemn subunits. Proba and Pluckthun Gene, 159:203 (1995},

[3178] Antibodies of the present disclosure can also be produced by using an expression
system in which the quantitative ratio of expressed polypeptide components can be modulated in
order to maximize the yield of secreted and property assembled antibodies of the present
disclosure. Such modalation is accomplished at least in part by simultanecusly modulating
translational strengths for the polypeptide components.

{0179} One technique for modulating translational strength is disclosed in Sinvnons et al
U.S. Pat. No. 3,840,523 It utilizes varants of the franslational mnitiation region (TIR) within a
cistron. For a given TIR, a serigs of amimo acid or nucleic acid sequence varnants can be created
with a range of translational strengths, thereby providing a convenient means by which to adjust
this factor for the desired expression level of the specific cham. TIR variants can be generated by
conventional mutagenesis technigues that result 1n codon changes which can alter the amino acid
sequence. In cortain embodiments, changes in the nucleotide sequence are silent. Alterations in
the TIR can include, for example, alterations in the number or spacing of Shine-Dalgamo
sequences, along with alterations n the signal seguence. One method for generating mutant
signal sequences is the generation of a “codon bank™ at the beginnimg of a coding sequence that
does not change the aming acid sequence of the signal sequence (i.¢, the changes are sifent).

This can be accomplished by changing the third nucleotide position of each codon; additionally,
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some aming acids, such as leucime, serine, and arginine, have multiple first and second positions
that can add complexity in making the bank. This method of mutagenesis is described in detail in
Yansura et al. {1992) METHODS: A Companion to Methods in Enzvmol. 4:151-158.

{8188} In one embodiment, a set of vectors 1s generated with a range of TIR strengths for cach
cistron therein. This limited set provides a comparison of expression levels of each chain as well
as the vield of the desired antibody products under various TIR strength combinations. TIR
strengths can be determined by quantifying the expression level of a reporter gene as described
m detail m Simmons et al. U.S. Pat. No. 5,840,523, Based on the translational strength
companson, the desired individual TIRs are selected to be combined in the expression vector
constructs of the present disclosure.

{8181} Prokarvotic host cells suitable for expressing antibodies of the present disclosure
mclude Archaebacteria and Eubacteria, such as Gram-negative or Gram-positive organisms.
Examples of useful bactena melude Escherichia {e.g., E. coli), Bacilli {e.g., B. subtilig),
Enterobacteria, Pseudomonas species (¢.g., P. acrugimosa)}, Salmonella typhimurium, Serratia
marcescans, Klebsieila, Proteus, Shigella, Rhizobia, Vitreoscilla, or Paracoccus. In one
embodiment, gram-negative cells are used. In one embodiment, E. coli cells are ased as hosts for
the present disclosure. Examples of E. coli strains include strain W3110 (Bachmann, Cellular
and Molecular Biology, vol. 2 (Washington, D.C.. American Society for Microbiology, 1987},
pp. 1190-1219; ATCC Deposit No. 27,325} and derivatives thereof, inclading strain 33D3
having genotype W3110 AfhuA (AtonA) ptr3 lac g lacl8 AompTA{nmpc-fepE) degP41 kanR
{UU.5. Pat. No. 5,639,635). Other strains and derivatives thereof, such as E. coli 294 (ATCC
31,446}, E. coli B, E. cohix 1776 (ATCC 31.537) and E. coh RV308(ATCC 31,608} are also
suttable. These examples are illustrative rather than hmiting. Methods for constracting
derivatives of any of the above-mentioned bactenia having defined genotypes are known in the
art and described n, for example, Bass ct al., Proteins, 8:309-314 (1990). It is generally
necessary to select the appropriate bactena taking into consideration replicability of the replicon
in the cells of a bacterium. For example, E. coli, Serratia, or Salmonella species can be suitably
used as the host when well known plasnuds such as pBR322, pBR325, pACYC177, or pKN410
are used to supply the replicon. Typically the host cell should secrete minimal amounts of
proteolytic enzymes, and additional protease nhibitors may desirably be meorporated in the cell
cultare.

b} Antibody Production
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{3182} Host cells are transformed with the above-described expression vectors and cultured in
conventional nutricnt media modified as appropriate for inducing promoters, selecting
transtormants, or amplifying the genes encoding the desired sequences.

{8183} Transformation means introducing DNA mto the prokaryotic host so that the DNA 15
replicable, either as an extrachromosomal clement or by chromosomal integrant. Depending on
the host cell used, transformation is done using standard techniques appropuate o such celis.
The calcium treatment employing calcium chioride 1s generally used for bacterial cells that
contain substantial cell-wall barriers. Another method for transformation employs polvethylene
glycol/DMSO. Yet another technigue used is electroporation.

{0184} Prokaryotic cells used to produce the polypeptides of the present disclosure are grown
m media known in the art and suitable for culture of the selected host cells. Examples of suitable
media include luria broth (LB) plos necessary nutrient supplements. In some embodiments, the
media also contains a selection agent, chosen based on the construction of the cxpression vector,
to selectively permit growth of prokarvotic cells containing the expression vector. For example,
ampiciiin is added to media for growth of cells expressing ampiciilin resistant gene.

[3185] Anyv necessary supplements besides carbon, nitrogen, and inorganic phosphate sources
may also be included at appropriate concentrations mtroduced alone or as a mixture with another
supplement or medium such as a complex nitrogen source. Optionally the culture medium may
contain one or more reducing agents selected from the group consisting of ghutathione, cysteine,
cystaming, thioglveollate, dithicerythritol and dithiothreitol.

{0186] The prokaryotic host cells are cultured at suitable temperatures. In cortain
embodiments, for E. coli growth, growth temperatures range from about 20° €. 1o about 39° C;
from about 23° C. to about 37° C.; or about 30° C. The pH of the medium may be any pH
ranging from about 3 to about 9, depending mainly on the host organism. In certain
embodiments, for E. coli, the pH is from about 6 8 to about 7.4, or about 7.0.

{8187} If an inducible promoter is used in the expression vector of the present disclosure,
protein expression 1s induced under conditions suitable for the activation of the promoter. In one
aspect of the present disclosure, PhoA promoters are used for controlling transcription of the
polypeptides. Accordingly, the transformed host cells are cultured in a phosphate-hmiting
medium for induction. In certain embodiments, the phosphate-limiting medium is the CR AP,
mediom {s¢e, ¢.g., Simmons et al | J. Immunol. Methods (2002}, 263:133-147}. A variety of

other inducers may be used, according to the vector construct emploved, as is known in the art.
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{3188} In one embodiment, the expressed polypeptides of the present disclosure are secreted
nto and recovered from the periplasm of the host cells. Protein recovery typically involves
disrupting the microorganism, generally by such means as osmotic shock, sonication or lysis.
Once cells are disrupted, cell debris or whole cells may be removed by centrifugation or
filtration. The proteins may be further purified, for example, by affinity resin chromatography.
Alternatively, proteins can be transported into the culture media and isolated therein. Cells may
be removed from the cufture and the culture supernatant being filtered and concentrated for
further purification of the proteins produced. The expressed polypeptides can be turther isolated
and identified using commonly known methods such as polvacrylamide gel electrophoresis
{(PAGE) and Westemn blot assay.

{8189} In one aspect of the present disclosure, antibody production 1s conducted n large
quantity by a fermentation process. Vartous large-scale fed-batch fermentation procedures are
available for production of recombinant proteins. Large-scale fermentations have at least 1000
liters of capacity, and 1n certain embodiments, about 1,000 to 100,000 liters of capacity. These
fermentors use agitator impeliers to distnbuie oxygen and nutrients, especially glucose. Small
scale fermentation refers generally to fermentation in a fermentor that 1s no more than
approximately 100 liters in volumetric capacity, and can range from about | liter to about 100
liters.

[8198] In a formentation process, induction of protein expression is typically mitiated after the
cells have been grown under suitable conditions to a desired density, e.g.. an ODS550 of about
180-220, at which stage the cells are in the carly stationary phase. A variety of inducers may be
used, according to the vector construct emploved, as is known in the art and descnibed above.
Cells may be grown for shorter periods prior to mduction. Cells are usually induced for about
12-50 hours, although longer or shorter induction time mayv be used.

10191}  To improve the production vield and quality of the polypeptides of the present
disclosure, various fermentation conditions can be modified. For example, to improve the proper
assembly and folding of the secreted antibody polypeptides, additional vectors overexpressing
chaperone proteins, such as Dsb proteins (DsbA, DsbB, DsbC, DsbD and or DsbG) or FkpA (a
peptidyiprolvi cis trans-isomerase with chaperone activity) can be used to co-transform the host
prokarvotic cells. The chaperone proteins have been demonstrated to facilitate the proper folding
and solubility of heterclogous proteins produced in bacterial host cells. Chen et al. (1999) 1.

Biol. Chem. 274:19601-196035; Georgiou ctal., U.S. Pat. No. 6,083,715, Georgiou et al, U.S.
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Pat. No. 6,027 885, Bothmann and Pluckthun (2000} J. Biol. Chem. 275:17100-17105; Ramm
and Pluckthun (2000) J. Biol. Chem. 275:17106-17113; Aric et al. (2001) Mol. Microbiol.
39:199-710.
{8192} To mimimize proteolvsis of expressed heterologous proteins (especially those that are
proteolyvtically sensitive), certain host strains deficient for proteolvtic enzymes can be used for
the present disclosure. For example, host cell strains may be modified to effect genetic
mutation{s} in the genes encoding known bacterial proteases such as Protease 1L, OmpT, DegP,
Tsp, Protease 1, Protease Mi, Protease V, Protease VI and combinations thereof. Some E. cols
protease~-deficient strains are available and described i, for example, Joly et al. {1998), supra;
Georgiou ot al, US. Pat. No. 5,264,365, Georgiou et al, U.S. Pat. No. 5,508,192, Haractal,
Microbial Drug Resistance, 2:63-72 (1996},
[8193] In one embodiment, E. coli straing deficient for proteslvtic enzymes and transformed
with plasmids overexpressing one or more chaperone proteins are used as host cells in the
expression system of the present disclosure.

¢) Antibody Purification
{194]  In onc cmbodiment, the antibody prote produced herein is further purified to obtain
preparations that are substantially homogencous for further assays and uses. Standard protein
purtfication methods known in the art can be emploved. The following procedures are
exemplary of suitable punfication procedures: fractionation on immuncaffinity or ion-exchange
colamns, ethanol precipitation, reverse phase HPLC, chromatography on silica or on a cation-
cxchange resin such as DEAE, chromatofocusing, SDS-PAGE, ammonium sulfate precipitation,
and gel filtration using, for example, Sephadex G-73.
{3195}  In one aspect, Protein A immobilized on a solid phase 1s used for immuncaffinity
purification of the antibody products of the present disclosure. Protein A is a 41 kD cell wall
protein from Staphylococcus aurcas which binds with a high affinity to the Fc region of
antibodies. Lindmark et al (1983} 1. Immuncl. Meth. 62:1-13. The sohid phase to which Protein
A s immobilized can be a column comprising a glass or silica surface, or a controlled pore glass
column or a silicic acid column. In some applications, the column is coated with a reagent, such
as glveerol, to possibly prevent nonspecific adherence of contanunants,
[3196]  As the first step of purification, a preparation derived from the cell culture as descnbed
above can be applied onto a Protein A immobilized solid phase o allow specific binding of the

antibody of interest to Protein A. The solid phase would then be washed to remove contaminants
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non-specifically bound to the solid phase. Finally the antibody of interest is recovered from the
solid phase by elution.

Generating Antibodies Using Eukarvetic Host Celis:
{8197} A vector for use in a cukarvotic host cell generally includes one or more of the
followimng non-limiting components: a signal sequence, an origin of replication, one or more
marker genes, an enhancer element, a promoter, and a transcription teroyination sequence.

a) Signal Sequence Component
[3198] A vector for use n a eukarvotic host cell may also contain a signal sequence or other
polypeptide having a specific cleavage site at the N-terminus of the mature protein or
polypeptide of interest. The heterologous signal sequence selected may be one that is recognized
and processed (1., cleaved by a signal peptidase) by the host cell. In mammalian cell
expression, mammalian signal sequences as well as viral secretory leaders, for example, the
herpes simplex gD signal, are available. The DNA for such a precursor region is ligated in
reading frame 1o DNA encoding the antibody.

b} Origin of Replication
{0199

[

Generally, an origin of replication component is not needed for mammalian expression
vectors. For example, the SV40 onigin may typically be used only because it contains the carly
promoier.

¢) Selection Gene Component
{0206f Expression and cloning vectors may contain a selection gene, also termed a selectable
marker. Typical selection gencs encode proteins that (a) conter resistance to antibiotics or other
toxins, ¢.g., ampiciliin, neomycein, methotrexate, or tetracychne, (b) complement auxotrophic
deficiencies, where relevant, or (¢} supply critical nutrients not available from complex media.
102081}  One example of a selection scheme utilizes a drug to arrest growth of a host cell. Those
cells that are successfully transformed with a heterologous gene produce a protein conferring
drug resistance and thas survive the selection regimen. Examples of such dominant selection use
the drugs neomyein, mveophenolic acid and hygromycin.
{0202} Another example of suitable sclectable markers for mammalian cells are those that
enable the identification of cclls competent to take up the antibody nucleic acid, such as DHFR,
thymidine kinase, metallothionen-I and -, primate metallothionein genes, adenosine

deaminase, omithing decarboxylase, etc.
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{0203} For example, in some embodiments, cells transformed with the DHFR selection gene
are first identified by culturing all of the transformants in a culture medium that contains
methotrexate (Mix), a competitive antagonist of DHFR. In some embodiments, an appropriate
host cell when wild-tyvpe DHFR 1s emploved 1s the Chinese hamster ovary (CHO) cell line
deficient in DHFR activity (e.g., ATCC CRL-9096).
{0204} Alternatively, host cells (particularly wild-type hosts that contain endogenous DHFR)
transformed or co-transtormed with DNA sequences encoding an antibody, wild-type DHFR
protein, and another selectable marker such as aminoglveoside 3'-phosphotransferase (APH) can
be selected by cell growth in mediom containing a selection agent for the selectable marker such
as an aminoglycosidic antibiotic, ¢.g., kanamyvein, ncomvcein, or G418, See U.S. Pat. No.
4,965,199 Host cells may include NSO, CHOK, CHOK ISV or denvatives, includmg cell ines
deficient in ghitamme synthetase (GS). Methods for the use of (GS as a selectable marker for
mammalian cells are described in U.S. Pat. No. 5,122,464 and U.S. Pat. No. 3,891,693,

d} Promoter Component
[0205] Expression and cloning vectors usually contain a promoter that is recognized by the
host organism and 1s operably linked to nucleic acid encoding a polypeptide of mierest (e.g., an
antibody). Promoter sequences are known for eukaryotes. For example, virtually all cukarvotic
genes have an AT-rich region located approximately 25 to 30 bases upstream from the site
where transcription is tihiated. Another sequence found 70 to 80 bases upstream from the start
of transcription of manv genes is a CNCAAT region where N may be any nuclestide. At the 3
end of most cukaryotic genes is an AATAAA scquence that may be the signal for addition of the
poly A tail to the 3" end of the coding sequence. In certain embodiments, any or all of these
sequences may be switably inserted into cukarvotic expression vectors.
10206] Transcription from vectors in mammalian host cells is controlled, for exampie, by
promaoters obtained from the genomes of viruses such as polvoma virus, fowlpox virus,
adenoviras (such as Adenovirus 2}, bovine papilloma virus, avian sarcoma virus,
cytomegalovirus, a retrovirus, hepatitis-B virus and Sinuan Virus 40 {5V 40), from heterclogous
manunalian promoters, ¢.g., the actin promoter or an immunoglobulin promoter, from heat-
shock promoters, provided such promoters are compatible with the host cell systems.
{0207} The early and late promoters of the SV40 virus are conveniently obtained as an 5V40
restriction fragment that also contains the 5V40 viral origin of replication. The immediate early

promoter of the human cytomegalovirus is conveniently obtained as a HmdHI E restriction
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fragment. A system for expressing DNA in mammalian hosts using the bovine papilloma viras
as a vector 1s disclosed 1n U.S. Pat. No. 4,419 446 A modification of this system is described 1n
U5, Pat. No. 4,601,978, See also Reves et al, Nature 297:598-601 (1982}, describing
expression of human P-interferon ¢cDNA in mouse cells under the control of a thymidine kinase
promoter from herpes simplex viras. Altematively, the Rous Sarcoma Virus long terminal repeat
can be used as the promoter.

¢) Enhancer Element Component
{3208} Transcription of DNA encoding an antibody of the present disclosure by higher
sukaryotes is often increased by inserting an enhancer sequence into the vector. Many enhancer
sequences are now known from mammalian genes (globin, elastase, albumin, a-fetoprotein, and
msulin). Typically, however, one will use an enhancer from a cukaryotic cell virus. Examples
mehude the 5V40 enhancer on the late side of the replication origin (bp 100-270}, the human
cytomegalovirus early promoter enhancer, the mouse cytomegalovirus eardy promoter enhancer,
the polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. Sec
also Yaniv, Nature 297:17-18 (1982) describing enhancer elements for activation of eukaryotic
promoters. The enhancer may be spliced into the vector at a position 3" or 3" to the antibody
polypeptide-encoding sequence, but is generally located at a site 3 from the promoter.

) Transcription Termination Component
{0209} EHxpression vectors used in eukaryotic host cells may also contain sequences necessary
for the termination of transcription and for stabilizing the mRNA. Such sequences are commonly
available from the 5" and, occasionally 3', untranslated regions of cukaryotic or viral DNAs or
cDNAs. These regions contain nucleotide segments transcribed as polyadenviated fragments in
the untranslated portion of the mRNA encoding an antibody. One useful transcription
termination component is the bovine growth hormone polvadenylation region. See W(394/11026
and the expression vector disclosed therein.

g} Selection and Transformation of Host Cells
{0218 Sustable host cells for cloning or expressing the DNA 1 the vectors herein include
higher cukaryote cells described herein, including vertebrate host cells. Propagation of vericbrate
cells in cnlture (tissue culture) has become a routine procedure. Examples of useful mammalian
host cell lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1631},
humar embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture,

Graham ctal., J. Gen Virol. 36:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL 10);
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Chingse hamster ovary cells/-DHFR (CHQO, Urlaub et al., Proc. Natl. Acad. Sci. USA 77:4216
{1980}}; mouse sertoki cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980}). monkey kidney
cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587);
human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC
CCL 75); human liver cells {(Hep G2, HB 8065); mouse mammary tamor (MMT 060562, ATCC
CCLS D) TR cells (Mather et al, Annals NY . Acad. 5ci. 383:44-68 (1982)); MRC 5 cells; FS4
cells; CHOK cells, CHOKISY cells or derivatives and a human hepatoma line (Hep G2).
10211} Host cells are transformed with the above-described-expression or cloning vectors for
antibody production and cultured in conventional nutrient media modified as appropnate for
mducing promoters, selecting transformants, or amplifying the genes encoding the desired
sequences.

hy Culturing the Host Cells
{0212} The host celis used to produce an antibody of the present disclosure may be cultured in
a variety of media. Commercially available media such as Ham's F10 (Sigma}, Minimal
Essential Medium ((MEM), Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's
Medium (DMEM), Sigma) are suitable for culturing the host cells. In addition, any of the media
described in Ham et al., Meth. Enz. 58:44 (1979), Barmes et al., Anal. Biochem. 102:255 (1950),
U.S. Pat. No. 4,767,704; 4,657 .866. 4,927,762 4,560,655; or 5,122,469, W( 90/03430, WO
87/00195, or U5, Pat. Re. 30,985 may be used as cufture media for the host cells. Any of these
media may be supplemented as necessary with hormones and/or other growth factors {such as
msulin, transferrin, or epidermal growth factor}, salts (such as sodium chioride, calcium,
magnesium, and phosphate), buffers (sach as HEPES), nucleotides {such as adenosine and
thymidine}, antibiotics (such as GENTAMYCIN™ drug), trace elements {defined as inorganic
compounds usually present at final concentrations in the micromolar range), and glucose or an
cquivalent energy source. Any other supplements may also be mcluded at appropnate
concentrations that would be known to those skilled in the art. The culture conditions, such as
temperature, pH, and the like, are those previously used with the bost cell sclected for
expression, and will be apparent o the ordinarily skilled artisan.

iy Purtfication of Antibody
10213} When using recombmant techniques, the antibody can be produced mtraceHularly, or

directly secreted into the medium. If the antibody is produced intracellulary, as a first step, the
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particudate debris, either host cells or Iysed fragments, may be removed, for example, by
centrifugation or ultrafiltration. Where the antibody is secreted into the mediim, sapernatants
from such expression svstems may be first concenirated using a comumercially available protein
concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit. A protease
mthibitor such as PMSF may be included 1n any of the foregoing steps to mhibit proteolysis, and
antibiotics may be included to prevent the growth of adventitious contaminants.

{0214} The antibody composition prepared from the cells can be purified using, for example,
hydroxylapatite chromatographyv, gel electrophoresis, dialysis, and affinity chromatography,
with affinity chromatography being a convenient technique. The suitability of protein A as an
affinity ligand depends on the species and isotype of any immunoglobulin Fe domain that is
present in the antibody. Protein A can be used to purify antibodies that are based on human y1,
v2, or v4 heavy chains (Lindmark et al | §. Immunol. Methods 62:1-13 (1983)). Protein G 1s
recommended for all mouse isotypes and for human y3 (Guss et al, EMBG §. 5:15671575
{1986)). The matrix to which the affinity ligand is attached may be agarose, but other matrices
arc available. Mechanically stable matrices such as controlled pore glass or
poly(styrenedivinyDbenzene allow for faster flow rates and shorter processing times than can be
achicved with agarose. Where the antibody comprises a CH3 domain, the Bakerbond ABX™
resin (J. T. Baker, Phillipsburg, N 1.} 1s useful for purnification. Other techniques tor protein
purification such as fractionation on an ion-exchange column, ethanol precipitation, Reverse
Phase HPLC, chromatography on silica, chromatography on heparin SEPHAROSE™
chromatographv on an anion or cation exchange resin (such as a polvaspartic acid column)},
chromatofocusing, SDS-PAGE, and ammomium sulfate precipitation are also available
depending on the antibody to be recovered.

{8215] Following anv preliminary punfication step(s), the mixtare comprising the antibody of
mterest and contanunants may be subjected to further purification, for example, by low pH
hydrophobic interaction chromatography using an clution buffer at a pH between about 2.5-4.5,
performed at low salt concentrations {e.g ., from about 0-0.25M salt}.

{0216} In general, various methodologies for preparing antibodics for use in research, testing,
and chnical use are well-gcstablished in the art, consistent with the above-descnibe
methodologies and/or as deemed appropriate by one skilled i the art for a particular antibody of
miterest.

Production of non-fucosylated antibodies
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{82171 Provided herein are methods for preparing antibodies with a reduced degree of
fucosylation. For example, methods conternplated herein inchude, but are not fimited to, use of
cell tines deficient in protein fucosvlation (c.g., Lec13 CHO cells, alpha-1,6-fucosyitransferase
gene knockout CHO celis, cells overexpressing Bl,4-N-acetyiglyeosminyitransferase [ and
further overexpressing Golgt p-mannoesidase I ete ), and addition of a fucose analog(s) m a cell
culture medium used for the production of the antibodies. See Ripka et al. Arch. Biochem.
Biophvs. 249:533~545 (1986); US Pat Appl No US 2003/0157108 A1, Presta, L, WO
2004/056312 Al Yamane~-Ohnuki et al. Biotech. Bioeng. 87: 614 (2004); and US Pat. No.
8,574,907, Additional techmiques for reducing the fucose content of antibodies include Glymaxx
cchnology described in U.S. Patent Application Publication No. 2012/0214975. Additional
techmques for reducing the fucose content of antibodies also include the addition of one or more
glveosidase inhibitors i a cell culture medium used for the production of the antibodies.
Glycosidase inhibitors include g-glucosidase 1, a-glucosidase I, and a-manncsidase I In some
crbodiments, the glveosidase inhibitor is an inhibitor of a~mannosidase 1 {e.g., kifunensine}).
[8218] As used herein, “core fucosylation” refers to addition of fucose (fucosylation™) to N-
acetyighicosamine (“GlcNAC™) at the reducing terminal of an N-linked glycan. Also provided
arc antthodies produced by such methods and compositions thereof.
{0219  In some embodiments, fucosylation of complex N-glveoside-linked sugar chains bound
to the Fo region {or domain} 1s reduced. As used herein, a “complex N-glycoside-linked sugar
chain” is typically bound to asparaging 297 (according to the number of Kabat), although a
coraplex N-glveoside linked sugar chain can also be linked to other asparagine residues. A
“complex N-glycoside-linked sugar chain” excludes a high mannose type of sugar chain, in
which only mannose is incorporated at the non-reducing terminal of the core structure, but
mchudes 1} a complex type, in which the non-reducing terminal side of the core structure has one
or more branches of galactose-N-acetyighicosamine (also referred to as “gal-GleNAC”) and the
non-reducing terminal side of Gal-GlecNA¢ optionally has a sialic acid, bisecting N-
acetyiglucosamine or the like; or 2) a hybrid tvpe, in which the non-reducing terminal side of the
core structure has both branches of the high mannose N-glycoside-linked sugar chain and
coraplex N-glveoside-hinked sugar chain.
{8220} In some embodiments, the “complex N-glycoside-linked sugar chain™ includes a
complex type in which the non-reducing terminal side of the core structure has zero, one or morg

branches of galactose~-N-acetylglucosanine (also referred to as “gal-GicNAC™) and the non-
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reducing terminal side of Gal-GlcNAc optionally further has a structure such as a sialic acid,
bisecting N-acetylglucosamine or the like.
{02211 According to the present methods, typically onlv a minor amount of fucose is
meorporated into the complex N-glycoside-linked sugar cham(s). For example, in various
embodiments, less than about 60%, less than about 50%, less than about 409, less than about
0%, less than about 20%, less than about 13%, less than about 10%, less than about 5%, or less
than about 1% of the antibody has core fucosylation by fucose in a composition. In some
embodiments, substantially none (i.¢., less than about 0.596) of the antibody has core
fucosylation by fucose in a composition. In some embodiments, more than about 40%, more
than about 50%, more than about 60%, more than about 70%, more than about 80%, more than
about 90%., more than about 91%, more than about 92%, more than about 93%, more than about
4%, more than about 95%, more than about 96%, more than about 97%, more than about 9896,
or more than about 99% of the antibody is nonfucosylated in a composition.
{06222} In some embodiments, provided herein is an antibody wherein substantially none (i.¢.,
tess than about 0.5%%) of the N-glveoside-linked carbohydrate chans contain a fucose residue. In
some cmbodiments, provided herein is an antibody wherein at least one or two of the heavy
chains of the antibody is non-fucosylated.
{8223} As described above, a varety of mammalian host-cxpression vector svstems can be
gtilized to express an antibody. In some embodiments, the colture media is not supplemented
with fucose. In some embodiments, an effective amount of a fucose analog is added to the
culture media. In this context, an “effective amount” refers to an amount of the analog that 1s
sufficient to decrease fucose mc,mpor&tmn mto a compiex N-glveoside-tinked sugar chain of an
antibody by at least about 10%, at least about 209, at least about 30%, at least about 40% or at
least about 50%. In some embodiments, antibodics produced by the instant methods comprise at
least about 10%, at lcast about 20%. at least about 30%, at least about 40% or at least about 50%
non-core fucosvlated protein {e.g., lacking core fucosvlation}, as compared with antibodies
produced from the host cells coltured 1n the absence of a fucose analog,
{0224} The content {c.g., the ratio) of sugar chains in which fucose is not bound to N-
acetylghicosamine n the reducing end of the sugar chain versus sugar chains in which fucose 1s
bound to N-acetylglucosamine m the reducing end of the sugar chain can be determined, for
example, as described in the Examples. Other methods include hydrazinolysis or enzyme

digestion (see, ¢.g., Biochemical Experimentation Methods 23: Method for Studving
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Glycoprotein Sugar Chain (Japan Scientific Societies Press), edited by Reiko Takahashi (1989)),
fluorescence labeling or radicisotope labeling of the released sugar chain and then separating the
labeled sugar chain by chromatography. Also, the compositions of the released sugar chains can
be determined by analyzing the chains by the HPAEC-PAD method (sce, ¢.g., I Lig
Chromatogr. 6:1557 (1983})). (5ee generally U5, Patent Application Publication No.
2004/0110282.).

Bl Compaositions

{8225} In some aspects, also provided herein are compositions (e.g., pharmaceutical
compositions) comprising any of the anti-Siglec-8 antibodies described berein {¢.g., an antibody
that binds to Siglec-8). In some aspects, provided herein is a composition comprising an anti-
Sigiec~-8 antibody described herein, wherein the antibody comprises a Fe region and N-
glveoside-linked carbohydrate chains linked to the Fe region, wherein less than about 50% of the
N-glveoside-linked carbohvdrate chains contain a fucose residue. In some embodiments, the
antihody comprises a Fe region and N-glycoside-linked carbohydrate chains linked to the Fe
region, wherein less than about 45%, about 40%, about 35%, about 30%, about 25%, about 20%,
or about 15% of the N-glycoside-linked carbohvdrate chains contain a fucose residue. In some
aspects, provided herein is a composition comprising an anti-Siglec-8 antibody described herein,
wherein the antibody comprises a Fe region and N-glycoside-linked carbohvdrate chains Iinked
to the Fo region, wheremn substantially none of the N-glycoside-hinked carbohydrate chains
contain a fucose residue.

{0226] Therapeutic formulations are prepared for storage by mixing the active ingredicnt
having the desired degree of purity with optional pharmaceutically acceptable carriers,
excipients or stabilizers (Remington: The Science and Practice of Pharmacy, 20th Ed,
Lippincott Williams & Wikling, Pub | Gennaro Ed |, Philadelphia, Pa. 2000). Acceptable carriers,
excipients, or stabilizers are nontoxic 1o recipients at the dosages and concentrations employed,
and include buffers, antioxidants including ascorbic acid, methionme, Vitamin E, sodiom
metabisulfite; preservatives, isotonicifiers, stabilizers, metal complexes {e.g., Zn-protein
corplexes); chelating agents such as EDTA and/or non-ionic surfactants.

{06227} Buffers can be used to control the pH in a range which optimizes the therapeutic
effectiveness, espectally if stability is pH dependent. Buffers can be present at concentrations
ranging from about 50 mM to about 250 mM. Suitable buffering agents for use with the present

disclosure include both organic and inorganic acids and salts thereof. For example, citrate,
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phosphate, succinate, tartrate, fumarate, gluconate, oxalate, lactate, acetate. Additionally, buffers
may be comprised of histidine and trimethvlamine salts such as Tris.

10228} Preservatives can be added to prevent microbial growth, and are typically presentin a
range from about 0.2%-1.0% {w/v). Suitable preservatives for use with the present disclosure
mehude octadecyldimethylbenzy] ammonium chlonde; hexamethonium chlonde; benzalkonium
halides (e g.. chlonide, bronude, iodide), benzethonium chloride; thimerosal, phenol, butyl or
benzyl alcohol; alkvi parabens such as methyl or propy! paraben; catechol; resorcinoi;
cyclohexanol, 3-pentanol, and m-cresol.

10229} Tonicity agents, sometimes known as “stabilizers™ can be present to adjust or maintain
the tonicity of liguid in a composition. When used with large, charged biomolecules such as
proteins and antibodies, they are often termed “stabilizers”™ because they can interact with the
charged groups of the aming acid side chaing, thereby lessening the potential for inter and intra-
molecular mteractions. Tonicity agents can be present in any amount between about 0.1% to
about 259 by weight or between about 1 to about 5% by weight, taking mnto account the relative
amounts of the other ingredients. In some embodiments, tonicity agents include polyhydric sugar
alcohols, trihvdric or higher sugar alcohols, such as glycerin, erythritol, arabitol, xvlitol, sorbitol
and mannitol.

{8238} Additional excipients include agents which can serve as one or more of the following:
{1} bulking agents, (2) solubility enhancers, (3) stabilizers and (4} and agents preventing
denaturation or adherence to the container wall. Such excipients include: polvhydric sugar
alcohols (enumerated above); amino acids such as alanine, glveine, glutamine, asparagine,
histiding, arginine, lysine, ormithine, leucine, 2-phenyialanine, glutamic acid, threonine, etc.;
organic sugars or sugar alcohols such as sucrose, lactose, lactitol, trehalose, stachvose, mannose,
sorbose, xylose, nbose, ribitol, myoinisitose, mycinisitol, galactose, galactitol, glyvcerol, cyclitols
{c.g., inositol), polyethviene glycol; sulfur containing reducing agents, such as urea, glutathione,
thioctic acid, sodium thioglyeolate, thioglyeerol, a-monothioglycerol and sodium thio sulfate;
low molecular weight proteims such as human serum albumin, bovine seram albumin, gelatin or
other immunogliobulins; hydrophilic polvmers such as polyvinyipvrrolidone; monosaccharides
{c.g., xylose, mannose, fructose, glucose: disaccharides {¢.g., lactose, maltose, sucrose);
trisaccharides such as raffinose; and polysaccharides such as dextrin or dextran.

10231} Non-ionic surfactants or detergents {also known ag “wetting agents”) can be present to

help solubilize the therapeutic agent as well as to protect the therapeutic protein against

81~



WO 2018/204868 PCT/US2018/031226

agitation-induced aggregation, which also permiis the formulation o be exposed to shear surface
stress without causing denaturation of the active therapeutic protein or antibody. Non-ionic
surfactants are present in a range of about 0.05 mg/mil to about 1.0 mg/ml or about 0.07 mg/ml to
about 0.2 mg/ml. In some embodiments, non-iomic surfactants are present in a range of about
0.001% to about 0.1% w/v or about 0.01% to about 0.1% w/v or about 0.01% to about 0.025%
A

{0232} Sustable non-ionic surfactants include polysorbates (20, 40, 60, 65, 80, eic.),
polvoxamers (184, 183, etc.), PLURONIC® polyols, TRITON®), polvoxyethviene sorbitan
monosthers (TWEEN®-20, TWEEN®-80, ¢tc ), lauromacrogol 400, polyoxyl 40 stearate,
polyvoxvethyviene byvdrogenated castor ot 10, 50 and 60, glveerol monostearate, sucrose fatty acid
ester, methvi celluose and carboxyvmethyl cellulose. Anionic detergents that can be used mclude
sodium laury] sulfate, dioctyle soduim sulfosuccinate and dioctyl sodium sulfonate. Cationie
detergents include benzalkonium chloride or benzethonium chioride.

{0233} In order for the formulations to be used for in vivo administration, they must be sterile.
The formulation may be rendered sterile by filtration through sterile filtration membranes. The
therapeutic compositions herein generally are placed into a container having a sterile access port,
for example, an itravenous solution bag or vial having a stopper picrceable by a hvpodermic
mjection needle.

{8234} The route of administration is in accordance with known and accepted methods, such
as by single or multiple bolus or infusion over a long period of time in a suitable manner, ¢.g..
mnjection or infusion by subcutancous, intravenous, intraperitoneal, mtramuscular, intraarternial,
miralesional or intraarticular routes, topical administration, inhalation or by sustained release or
extended-release means.

10235}  The formulation herein may also contain more than one active compound as necessary
for the particular indication being treated, preferably those with complementary activities that do
not adversely affect each other. Such active compounds are suitably present in combination in
amounts that are effective for the purpose intended.

IV,  Articles of Manufacture or Kits

[8236] In another aspect, an article of manufacture or kit is provided which comprises an anti-
Siglec-8 antibody described herein (e.g., an antibody that binds human Siglec-8). The article of
manufactare or kit may further comprise instructions for use of the antibody in the methods of

the present disclosure. Thus, in certain embodiments, the article of manufacture or kit comprises
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mstructions for the use of an anti-Siglec-8 antibody that binds to human Siglec-8 i methods for
treating and/or preventing an allergic ocolar disease (e.g., allergic conjunctivitis,
keratoconjunctivitis, or giant papillary conjunctivitis) in an individual comprising adounistering
to the individual an effective amount of an anti-Siglec-8 antibody that binds to human Siglec-8.
In certain embodiments, the article of manofacture comprises a medicament comprising an
antibody that binds to human Siglec-8 and a package insert comprising instructions for
administration of the medicament 1o an individual in need thereof to freat and/or prevent an
allergic ocular disease {e.g., allergic conjunctivitis, keratoconjunctivitis, or giant papillary
conjunctivitis}. In some embodiments, the package insert further tndicates that the treatment 1s
effective in reducing one or more syraptoms in the individual with an aliergic ocular diseasc
{e.g., allergic conjunctivitis, keratoconjunctivitis, or giant papillary conjunctivitis) as compared
to a basehne level before admuinistration of the medicament. In some embodiments, the
mdividual 1s diagnosed with an allergic ocular disease {e.g., allergic conjunctivitis,
keratoconjunctivitis, or giant papillary conjunctivitis) before administration of the medicament
comprising the antibody. In certain embodiments, the individual 1s a human.

108237}  The article of manufacture or kit may further comprise a contamer. Suitable containers
mclude, for example, bottles, vials (e.g., dual chamber vials), svringes (such as single or dual
chamber syringes) and test tubes. The container may be formed from a vanety of matenals such
as glass or plastic. The container holds the formulation.

{0238} The article of manufactare or kit may further comprise a label or a package insert,
which is on or associated with the container, may indicate directions for reconstitution and/or
use of the formulation. The label or package insert may further mdicate that the formulation is
usefal or mtended for subcutansoas, mtravenous, or other modes of administration for treating
and/or preventing an allergic ocular disease (e g, allergic conjunctivitis, keratoconjunctivitis, or
giant papiilary conjunctivitis) in an individual. The container holding the formulation may be a
single-use vial or a multi-use vial, which allows for repeat administrations of the reconstituted
formulation. The article of manufacture or kit may further comprise a second container
comprising a suitable diluent. The article of manufacture or kit may further include other
matenials desirable from a commercial, therapeutic, and user standpoint, including other buffers,
diluents, filters, needles, syringes, and package inserts with wnstructions for use.

10239}  In a specific embodiment, the present disclosure provides kits for a single dose-

adnunistration unit. Such kits comprise a container of an agueous formulation of therapeutic
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antibody, including both single or multi-chambered pre-filled syringes. Exemplary pre-filled
syringes are available from Vetter GmbH, Ravensburg, Germany.

{0240} o another crabodiment, provided hercin s an article of manufacture or kit comprising
the formulations described herein for administration in an anto-injector device. An auto-injector
can be described as an mjection device that upon activation, will deliver its contents without
additional necessary action from the patient or admuinistrator. They are particularly suited for
self-medication of therapeutic formulations when the delivery rate must be constant and the time
of delivery is greater than a fow moments.

10241}  In ancther aspect, an article of mamufacture or kit is provided which comprises an anti-
Siglec-8 antibody described hercin (¢.g., an antibody that binds human Siglec-8). The article of
manufacture or kit may further comprise instructions for use of the antibody n the methods of
the present disclosure. Thus, in certain embodiments, the article of manufacture or kit comprises
mstructions for the use of an anti-Siglec-% antibody that binds to human Siglec-8 m methods for
treating or preventing an allergic ocular diseasc {e.g., allergic conjunctivitis,
keratoconjunctivitis, or giant papillary conjunctivitis) in an individual comprising administering
to the individual an effective amount of an anti-Siglec-8 antibody that binds to human Siglec-8.
In certain embodiments, the article of manufacture or kit comprises a medicament comprising an
antibody that binds to human Siglec-8 and a package insert comprising instructions for
administration of the medicament in an mdividual in need thereof to treat and/or prevent an
allergic ooular disease {e.g., allergic conpunctivitis, keratoconjunctivitis, or giant papillary
comjunctivitis).

{0242} The present disclosure also provides an article of manufacture or kit which comprises
an anti-Siglec-8 antibody described herein (¢.g., an antibody that binds human Siglec-8} in
combination with one or more additional medicament {e.g., a second medicament) for treating or
preventing an allergic ocular disease (e g.. allergic conjunctivitis, keratoconjunctivitis, or giant
papillary conpunctivitis) in an individeal. The article of manufacture or kit may further comprise
mstructions for use of the antibody in combination with one or more additional medicament in
the methods of the prescunt disclosure. For example, the article of manufacture or kit herein
optionally further comprises a container corprising a second medicament, wherem the anti-
Siglee-8 antibody is a first medicament, and which article or kit further comprises instructions
on the label or package insert for treating the individual with the second medicament, in an

effective amount. Thus in certain embodiments, the aricle of manufacture or kit comprises
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mstructions for the use of an anti-Siglec-8 antibody that binds to human Siglec-8 in combination
with one or more additional medicament in methods for treating or preventing an allergic ocular
discasc {e.g., allergic conjunctivitis, keratoconjunctivitis, or giant papillary conjunctivitis) in an
mdividual. In certain embodiments, the article of manufacture or kit comprises a medicament
comprising an antibody that binds to haman Siglec-8 (2.g., a first medicament), one or more
additional medicament and a package tnsert comprising instructions for administration of the
first medicament in combination with the one or more additional medicament {¢.g.. a second
medicament). In some embodiments, the one or more additional therapeutic agents may mnclude,
but are not limited to, 3 corticosteroid {e.g., budesonide, dexamethasone, hydrocortisone,
methviprednisolone, prednisclone, or predisonc), antihistamine (e.g., levocabastine
hydrochloride or olopatadine), ketotifen, azelastine, epinastine, bepostatine, cyclosporine, and a
non-steroidal anti-inflammatory agent (NSATD).

10243} It 1s understood that the aspects and embodiments described herein are for iHustrative
purposes only and that various modifications or changes in light thereof will be suggested to
persons skilled in the art and are to be included within the spint and purview of this application

and scope of the appended claims.

EXAMPLES

[0244] The present disclosure will be more fully understood by reference to the following
examples. The examples should not, however, be construed as limiting the scope of the present
disclosure. It is understood that the examples and embodiments described herein are for
tHustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spint and purview of this
application and scope of the appended claims.

Example 1: Evaluation of anti-Siglec-8 antibodies in in vivo mouse models of allergic
conjunctivitis

[6245] Anmnal models have been established for studving various allergic ocular diseases (see,
e.g., Groneberg, DA ef al (2003} Allergy 58:1101-1113), inchuding a mouse model for allergic
conjunctivitis {Giavina-Blanchi, P, er ol (2008} Acta Ophthaimol. 86:670-675). Forthe
evaluation of the cffect of anti-Siglec-8 antibodies in murine models of allergic conjunctivitis,
Siglec-8 transgenic mice are sensitized by systemic administration of aliergen and then subjected

to ocular allergen challenge followed by clinical assessment of conjunctivitis at time interval
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between 15 min and 24 hoars post challenge to observe early and late-phase mflammatory
resSponses.

10246} A “Derp” model for C537B1/6 mice described by Giavina-Bianchi, P er af. (2008) Acia
Ophthalmol 86:670-675 1s conducted as tollows. Mice are immunized with solutions prepared
from ). preronyssinus {“Der p”) extracts on day 0. After 10 days, ocular challenge 1s camed out
i order to induce allergic conjunctivitis.

{0247} Chinical analysis and the collection of matenal for laboratory analvses are conducted
20 mins and up to 24 hours after ocular challenge. Specitically, mice are adnunistered
mnmunization solution containing 5-500 micrograms of allergen subcutanecusly at the base of
both hind legs and into the lower abdomen.

{0248} Omne-quarier of the dose is injected into each hind leg, and the remaining half1s injected
mto the abdomen. Ten days after sensitization, mice are chalienged with two drops of allergen
solution {4 - 3 micrograms/microliter) in cach eye. At intervals between 20 min and 24 hours
post-challenge, mice are examined for conjunctival cedema; palpebral oedema; conjunctival
hvperaemia, and lacnimation. Tissues and secretions are analyzed for cviokines and presence of
mflammatory cells including mast cells and cosinophils. For the evaluation of activity of anti-
Siglec-8 antibody, the antibody or an 1sotype control antibody arc administered at a dose lovel of
0.1 - 5.0 mg/kg by intraperitoneal (ip) administration one day or 3 days prior to ocular challenge
or using twice weekly administration from the time of sensitization.

{0249} For ovalbumin-induced conjunctivitis, Siglec-8 transgenic mice are sensitized by ip
administration of 0.1 mg ovalbumin with 1 mg aluminum bydroxide adjuvant and 0.3 mg
pertussis toxin, boosted on day 4 with 50 micrograms ovalbumin administered subcutancously
(s¢), and challenged by ocular challenge with 0.75 mg ovalbumin on Day 17, according to the
method described by Izushi, K eral (2002) Eur. J. Pharmacol. 440:79-82. Anti-Siglec-8
antibody treatments, clinical analyses, and laboratory analyses are conducted as described supra.
10250} For ragweed-induced conjunctivitis, Siglec-8 transgenic nuice are sensitized by s¢
administration of 50 micrograms ragweed extract and 5 mg alvminum hydroxide on Day O, and
ocular challenge is conducted with 1.25 mg ragweed extract on Day 9, as described bv Magone,
M.T. et ol {1998) Clin. Immunol. Immunopathol. 87{1.75-84. Anti-Siglec-8 antibody

treatments, clinical analyses, and laboratory analyses are conducted as described supra.
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Example 2: Structure of an open-label, pilot study to assess the efficacy and safety of anti-
Siglec-8 antibody treatment in patients with Atepic Keratocenjunctivitis {ARKC), Vernal

Keratoconjunctivitis { VKC), and Perennial Allergic Conjunctivitis (PAC)

{8251} The number of people afflicted with allergic ocular discases has risen in the last
decades and is now thought to affect at least 15-20% of the population {La Rosa, M. er a/. (2613)
fral J. Pediatr. 39:18). Allergic ocular discases encompass a pumber of specific clinical entitics
with different mechaniams of action. This study is designed to test the safety and efficacy of
anti-Siglec-8 antibody treatment in patients with AKC, VK, or PAC.

[0252] A total of approximately 30 subjects are given 6 doses of anti-Siglec-8 antibody HEKA
(non-fucosylated IgG 1} at up to 3mg/kg as monthly intravenous nfusion. Chinical laboratory
parameters and adverse events are assessed using the Common Terminology Criteria for
Adverse Events (CUTCAE) version 4 03, Adverse cvents are collected starting from the time of
first study drug infusion and ending at Dav 309 (=7 Days) or at the Earlv Termination (ET) visit.
The absolute peripheral blood counts of cosinophils and basophils are measured starting pre-
dose on Day -1 and ending at Day 309 or ET visit. An Allergic Conjunctivitis Symptom (ACS)
Questionnaire is used to ovaluate symptoms assoctated with AKC, VKC, or PAC, and 15
completed by each subject daily throughout the study from Screening to Day 309 or ET visit.
[0253] Inclusion criteria nclude:

{a} age (=18 and <80 years old});

{b) confirmed diagnosis of AKC, VK, or PAC and, for at least one of the below symptoms, an
average symptom score of > 3 calculated from all daily ACS guestionnaires completed during
the screening pertod (minimum of 14 daily ACS guestionnaires must be completed):

1. ftching

2. Photophobia

3. Eve pain

4. Foreign body sensation

5. Eye discharge

{c} history of topical corticosteroid and/or systemic corticosteroid use for the treatment of
allergic conjunctivitis (AKC, VKC, or PACY;

{d) stable dose(s) of allowed AKC, VKO, or PAC medication{s) during the 14 days prior to

screening and throughout the screening pertod; and commitment to remaining on the same
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dose{s) of AKC, VKC, or PAC medication(s} for the entire duration of study participation
{unless dose modification i1s dug to unforeseen medical necessity);

{c) negative screening ova and parasite test; and

{(f) negative pregnancy test (females).

{0254} Exclusion criterta mclode:

{a} history of malignancy except carcinoma in sity in the cervix, carly stage prostate cancer or
non-melanoma skin cancers;

{b) contact lens use within 48 hours prior to first dose of the antibody;

(o} participation i a concurrent interventional study with the last intervention occurring within
30 days prior to adminisiration of study drug {or 90 days or 3 half-lives, whichever is longer, for
biologic products);

{d} treatment with chemotherapy or radiotherapy in the preceding 6 months;

{c} treatment for a clinically significant helminthic parasitic infection within 6 months of
screcning;

{f) use during the 30 days before Screening {or 5 half-hives, whichever is longer) or use during
the Screening penod of topical decongestants, topical vasoconstrictors, topical calcineurin
mhibitors, topical corticosteroids, omalizumab, dupilumab, systemic immunosuppressive drugs,
or svstemic corticosteroids with a daily dose >10 mg prednisone or equivalent (topical
corticosteroids for atopic dermatitis, corticosteroid nasal sprays for rhinitis, and inhaled
corticosteroids for allergic asthma are allowed);

{g} vaccination with live attenuated vaccines within 30 days prior to initiation of treatment in the
study, during the treatment period, or vaccination expected within 5 haif-hives (4 months) of the
study drug admimistration;

{h) positive hepatitis serclogy results, except for vaccinated patients or patients with past but
resolved hepatitis, at Screening; and

{1) positive HIV serology results at Screening.

10255} The prmary ouicome measure is the safety and tolerability of the antibody treatment
based on evaluation of clinical laboratory parameters and adverse events as assessed using the
Common Terminology Criferia for Adverse Events ({CTCAE) version 4.03.

[02536] Secondary outcome measures mclode:

{a) changes from baseline in absolute peripheral blood counts of cosinophils and basophils

(starting pre-dose on Day -1 to Day 309 or ET visit); and
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(b) changes from baseline symptoms associated with AKC, VKC, or PAC as measured daily by
a discase-specific patient questionnaire, the Allergic Conjunctivitis Symptom {ACS)}
Questionnaire {throughout the study from screening to Day 309 or ET visit).

{8257} Optional secondary outcome measures include:

{a} changes from baseline guality of life as measured by the National Eve Institute Visual
Functioning {Juestionnaire - 25 {NE1 VF( 25) (starting pre-dose on Day -1 to Day 309 or ET
visit};

{b) changes from bascline ocular signs (including punctate comeal staining) in stit lamp color
photography as assessed by centralized image reading center (starting pre-dose on Day -1 to Day
309 or ET wvisit);

{c) changes from baseline ophthalmic examination Ocular Svmptom Scores as assessed by
Investigator or Subinvestigator (starting pre-dose on Day -1 to Day 309 or ET visit};

{d} changes from bascline inflammatory mediators and anti-Siglec-8 antibody HEKA (non-
fucosylated IgG1) concentration measured in optional lacrimal fluid (tear) samples (starting pre-
dose on Day -1 to Day 309 or ET visit);

(e} changes from baseling histopathological exammation of gosinophils and mast cells in
optional conjunctival biopsies (collected on pre-dose Day -1 and on Day 169 or ET visit);

{f} changes from baseline signs and symptoms as measured by ACS disease-specific
questionnaire daily svmptom scores for 5 different symptoms (throughout the study from
screening to Day 309 or ET visit):

{g) changes from bascline signs and symptoms as measure by the Quality of Life questionnaire,
the National Eve Institute Visual Functioning Questionnaire 25 (NEI VFQ 23); and

(1} changes from baseling signs and symptoms as measured by assessment of concomitant atopic

conditions {atopic dermatitis, allergic asthma, allergic rhinitig).
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SEQUENCES
Al polypeptide sequences are preseanted N-terminal to C-terminal unless otherwise noted.

All nucleic acid sequences are presented 57 1o 37 unless otherwise noted.

Amuno acid seguence of mouse 2E2 heavy chain variable domain

QVOLKESGPGLVAPSOSLSITCTYSGFSLTIYGAHWVROPPGKGLEWLGVIWAGGSTNY
NSALMSRLSISKDNSKSQVFLKINSLOTDDTALY YCARDGSSPYYY SMEYWGQGTSVT
VSS (SEQ 1D NO: 1)

Amino acid sequence of 2E2 RHA heavy chain vanable domain
EVQLVESGOGLVQPGGSLRLSCAASGFSLTIVGAHWVROAPGKGLEWVYSVIWAGGSTN
YNSALMSRFTISKDNSKNTVYLOMNSLRAEDTAVYYCARDGSSPYYYSMEYWGQGTT
YVIVSS (BEG ID NG:2)

Aming acid sequence of 2E2 RHEB heavy chain variable domam
EVQLVESGGGLVQPGGSLRLSCAVSGFSLTIYGAHWVRQAPGKGLEWLGVIWAGGSTN
YNSALMSRLSISKDNSKNTVYLOMNSLRAEDTAVYYCARDGSSPYYYSMEYWGQGTT
VTVES (SEQ D NO:3)

Amino acid seqguence of 2E2 RHC heavv chain variable domain
EVQLVESGGGLYOQPGGSLRLSCAVSGRSLTIYGAHWVROAPGKGLEWYSVIWAGGSTN
YNSALMSRITISKDNSKNTVYLOMNSLRAEDTAVYYCARDGSSPYYYSMEYWOQGTT
VTVSS (§EQ ID NO:4)

Amino acid seguence of 282 RHD heavy chain vanable domain

EVQLVESGGGLVQPGGSLRLSCAASGFSLTIYGAHWVRQAPGKGLEWLSVIWAGGSTN
YNSALMSRFTISKDNSKNTVYLQMNSLRAEDTAVYYCARDGSSPYYYSMEYWGQGTT
VTVSS (SEQ 1D NO:5)

Amino acid sequence of 2E? RHE heavy chain variable domain
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EVOLVESGGGLYOQPGGSLRLSCAASGFSLTIY GAHWVRQAPGKGLEWVGVIWAGGST
NYNSALMSRETISKDNSKNTVYLOMNSLRAEDTAVYYCARDGSSPYYYSMEYWGQGT
TVTVSS (SEQ ID NO:6)

Amuno acid seguence of 2E2 RHF heavy chain variable domain

EVQLVESGGGLVOPGGSLRLSCAASGFSLTIYGAHWVROAPGKGLEWVSVIWAGGSTN
YNSALMSRLTISKDNSKNTVYLOMNSLRAEDTAVYYCARDGSSPYYYSMEYWGQGTT
VTVSS (SEG ID NO:7)

Anmino acid sequence of 2E2 BHG heavy chaim variable domain
EVQLVESGGGLVQPGGSLRLSCAASGFSLTIVGAHWVRQAPGKGLEWVSVIWAGGSTN
YNSALMSRFSISKDNSKNTVYLOMNSLRAEDTAVY YCARDGSSPYYY SMEYWGQGTT
VTVSS (SEG 1D NG®)

Aming acid sequence of 2E2 RHAZ heavy chain vanable domain
QVQLOESGPGLVKPSETLSLTCTVSGGSISIYGAHWIRQPPGKGLEWIGVIWAGGSTNYN
SALMSRYTISVDTSKNQFSLKLSSVTAADTAVYYCARDGSSPYYYSMEYWGQGTLVTVY
SS(SEQID NO:9)

Amino acid seguence of 2E2 RHB?2 heavy chain variable domain
OVOLOQESGPGLVKPSETLSLTCTVSGFSLTIY GAHWVRQPPGKGLEWLGVIWAGGSTN
YNSALMSRLSISKDNSKNOQVSLKLASVTAADTAVY YCARDGSSPYYYSMEYWGQGTL
VTVSS (SEQ ID NO:10)

Amino acid seguence of 282 RHE S-G mutant heavy chaun vanable domain

EVQLVESGGGLVQPGGSLRLSCAASGFSLTTYGAHWVRQAPGKGLEWVGVIWAGGST
NYNSALMSRFTISKDNSKNTVYLQMNSLRAEDTAVYYCARDGSSPYYYGMEYWGQGT
TVTVSS (SEQ 1D NO:11)

Amino acid sequence of 2E? RHE E-B heavy chain variable domain
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EVQLVESGGGLVQPGGSLRLSCAASGFSLTIYGAHWVRQAPGKGLEWVGVIWAGGST
NYNSALMSRFTISKDNSKNTVYLOMNSLRAEDTAVYYCARDGSSPYYYSMDYWGQGT
TVTVSS (SEQ IDNG:12)

Amuno acid seguence of 2E2 RHE Y-V heavy chain variable domain

EVQLVESGGGLVOQPGGSLRLSCAASGFSLTIYGAHWVROAPGKGLEWVGVIWAGGST
NYNSALMSRFTISKDNSKNTVYLOMNSLRAEDTAVYYCARDGSSPYYYSMEVWGQGT
TVTVSS (SEQ ID NO:13)

Amino acid seguence of 2E2 RHE trniple mutant heavy chain variable domain
EVOLVESGOGLYVQPGGSLRLSCAASGFSLTIVGAHWVRQAPGKGLEWVGVIWAGGST
NYNSALMSRFTISKDNSKNTYVYLOMNSLRAEDTAVYYCARDGSSPYYYOGMBDVWGQG
TTVTYSS (SEQ ID NGO 14

Amino acid sequence of mouse 252 liecht chain vanable domain
GULTOSPAIMSASPGEKVSITCSATSSVSYMHWFEFQOKPGTSPKLWIYSTSNLASGVPYRF
SGSGSGTSYSLTISRMEAEDAATYYCQQRSSYPFTFGSGTKLEIK (SEQ ID NO:15)

Amuno acid seguence of 2E2 RKA hicht chain variable domain
EIVLTQSPATLSLSPGERATLSCSATSSVSYMHWEFQOKPGQAPRLLIY STSNLASGIPARF
SGSGSGTDFTLTISSLEPEDFAVY Y CQOQRSSYPFTFGPGTKLDIK (SEQ ID NG:16)

Amino acid sequence of 282 RKB Lioht chain variable domain

ENUTQSPATLSLSPGERATLSCSATSSVSYMHWEFQOKPGQAPRLWIYSTSNLASGVPARFK
SGSGSGTDYTLTISSLEPEDFAVYYCOQORSSYPFTFGPGTRKLDIK (SEQ ID NG 1T

Amuno acid sequence of 2E2 RKLC lisht chain vanable domaimn

EUHLTOSPATLSLSPGERATLSCSATSSVSYMHWFEFQOQKPGQAPRLLIYSTSNLASGIPARFS
GSGSGTDEFTLTISSLEPEDFAVYYCQOQRSSYPFTFGPGTRLDIK (SEQ ID NO:18)

Aming acid seguence of 2E2 RKD lisht chain variable domain
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EIVLTQSPATLSLSPGERATLSCSATSSVSYMHWEFQQKPGQAPRLWIYSTSNLASGIPARF
SGSGSGTDFTLTISSLEPEDFAVY Y CQORSSYPFTFGPGTKLDIK (SEQ ID NG:19)

Amuno acid seguence of 2E2 RKE Light chain variable domain
EIVLTOSPATLSLSPGERATLSCSATSSVSYMHWEFQOKPGQAPRLLIYSTSNLASGVPAR
FSGSGSGTDFTLTISSLEPEDFAVYYCQOQRSSYPFTFGPGTKLDIK (SEQ 1D NO:20y

Amine acid seguence of 2E2 RKF licht chamn vanable domain

EIVLTOQSPATLSLSPGERATLSCSATSSVSYMHWEFQQKPGUAPRLLIYSTSNLASGIPARF
SGSGSGTDYTLTISSLEPEDFAVYYCOQORSSYPFTFGPGTRKLDIK (SEQ D NG:21)

Amuno acid seguence of 2E2 RKG hieht chain variable domain
EIVLTQSPATLSLSPGERATLSCSATSSVSYMHWY QOKPGQAPRLLIY STSNLASGIPARF
SGSGSGTDFTLTISSLEPEDFAVY Y CQOQRSSYPFTFGPGTKLDIK (SEQ 1D NG:22)

Amino acid sequence of 282 RKA F-Y mutant light chain varable domain

EIVLTOQSPATLSLSPGERATLSCSATSSVSYMHWEFQQKPGUAPRLLIYSTSNLASGIPARF
SGSGSGTDFTLTISSLEPEDFAVYYCQORSSYPYTFGPGTRLDIK (SEQ 1D NG-23)

Amino acid seguence of 2E2 RKF F-Y mutant licht chain variable domain
EIVLTQSPATLSLSPGERATLSCSATSSVSYMHEWERQOKPGQAPRLLIYSTSNLASGIPARF
SGSGSOGTDYTLTISSLEPEDFAVYYCQOQRSSYPYTFGPGTKLDIK (SEQ ID NG:24)

Amino acid segquence of HEKA heavy chain and HEKF heavv chain

EVOLVESGGGLVQPGGSLRLSCAASGFSLTIYGAHWVRQAPGKGLEWVGVIWAGGST
NYNSALMSRFTISKDNSKNTVYLOMNSLRAEDTAVYYCARDGSSPYYYSMEYWGQGT
TVIVSSASTRKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLQSSGLY SLESVVTVPSSSLGTOQTYICNYNHKPSNTEVDKRVEPKSCDKTHTCPPCPA
PELLGGPSVELFPPKPEDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLTVLEHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPG
VY TLPPSREEMTRNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPYVLDSDGSFFL
YSKLTVDKSRWOQOQONVESCSVMHEALHNHYTQKSLSLSPG (SEQ 1D NG:T5)
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Amino acid sequence of HEKA lisht chain
EIVLTOSPATLSLAPGERATLACSATSSVSYMHWFQQKPGUAPRLLIYSTSNLASGIPARF
SGSGRGTDFTLTISSLEPEDFAVYYCQORSSYPRFTFGPGTKLDIKRTVAAPSVEFIFPPADEQ
LEKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLASSTLTLS
KADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ 1D NO:76)

Amino acid sequence of HEKF light chain
EIVLTQSPATLSLSPGERATLSCSATSSVSYMHWFQOQKPGQOAPRLLIYSTSNLASGIPARF
SGSGSGTDYTLTISSLEPEDFAVYYCQORSSYPFTFGPGTKLDIKRTYVAAPSVFIFPPSDEQ
LEKSGTASVVCLLNNFYPREAKVOWKVDNALGSGNSGESVTEQDSKDSTY SLSSTLTLS
KADYEKHEVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO.77)

Amino acid seguenge of Gl heavy chain constant rezion

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTICVVVYDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQVY TLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWOQGNVFSCSVMHEALHNHY TQKSLSLSPG (SEQ ID NO:78)

Aming acid sequence of 1e(i4 heavy chamn constant region
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTIFPAVL(SS
GLYSLSSVVTVPSSELGTKTYTONVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSY
FLFPPRPKDTLMISRTPEVTCVVVDVSQEDPEVOFNWY VDGVEVHNAKTKPREEQFNST
YRVVSVLTVLHODWENGKEYRKCKVENKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEM
TRNQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRW
QEGNVFSCSVMHEALHNHY TQKSLSLSLG (SEQ ID NG.T9)

> kappa light chain constant region
RIVAAPSVFIFPPSDEQLKSGTASVVULLNNFYPREAKVOWKVDNALQSGNSQESYVTEQ

DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTRKSFNRGEC (SEQ 1D NO:RO)

Amino acid sequence of 1
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Amino acid seguence of murine 2C4 and 2E2 lof531 heavy chain
QVOQLKRASGPGLVAPSQSLSITCTVSGFSLTIYGAHWYROPPGKGLEWLGVIWAGGSTN
YNSALMSRLSISKDNSKSQVFLKINSLOTDDTALYYCARDGSSPYYYSMEYWGQGTRY
TVSSAKTTPPSVYPLAPGSAAQTNSMVTLGCLYVKGYFPEPVTYVTWNSGSLSSGVHTEFPA
VEESDLYTLSSSVTVPSSPRPSETVTONVAHPASSTKVDKKIVPRDUGCKPCICTVPEVSS
VEIFPPRPKDVLTITLTPRVTCVYVDISKDDPEVOFSWEFVDDVEVHTAQTQPREEQFNST
FRSVSELPIMHOQDWELENGKEFKCRVNSAAFPAPIEKTISKTRGRPKAPQVYTIPPPREQMA
KDKVSLTCMITDFFPEDITYVEWOQWNGQPAENYKNTQPIMNTNGSYFVYSKLNVQKSN
WEAGNTFTCSVLHEGLHNHHTEKSLSHSPG (SEQ 1D NG:81)

Amino acid sequence of murine 204 kappa lisht chain
EHLTOSPAIMSASPGEKVSITCSATSSVEYMHWEFQOKPGTSPRKLWIYSTSNLASGVPVRE
SGSGSGTSYSLTISEMEAEDAATYYCQORSSYPFTFGSGTKLEIKADAAPTVSIFPPSSEQ
LTSGGASVYVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDODSKDSTYSMSSTLTLT
KDEYERHNSYTCEATHKTSTSPIVKSENRNEC (SEQ ID N(O:82)

uence of murine 2E2 kappa light chain
GHLTOSPAIMSASPGEKVSITCSATSSVEYMHWFQOQKPGTSPEKLWIYSTSNLASGVPVRF
SGSGRSGTSYSLTISRMEAEDAATYYCQOQRSSYPFTFGSGTKLEIKADAAPTVSIFPPSSEQ

LTSGGASVVCFLNNEFYPKDINVKWKIDGSEROQNGVLNSWITDODSKDSTYSMSSTLTLY

KDEYERHNSYTCEATHKTSTSPIVESFNRNEC (SEQ ID NO:83)

Aming acid seg

Amino acid seguence of chimeric 2C4 and 2E2 161 heavy chain

QVQLKRASGPGLVAPSQSLSITCTVSGFSLTIYGAHWYVROPPGKGLEWLGVIWAGGSTN
YNSALMSRLSISKDNSKSQVFLKINSLOTDDTALYYCARDGASPYYYSMEYWGQGTSY
TYSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTERPAY
LOSSGLYSLESVVTVPSSSLGTOTY ICNVNHKPSNTRKVDKRVEPKSCDKTHTCPPCPAPE
LLGGPSVFLFPPEPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHODWLNGKEYKCKYSNEALPAPIEKTISKAKGOPREPQVY
TLPPSREEMTRKNQVSLTCLYVKGEFY PSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY S
KLTVDESRWQQONVFSCSVMHEALHNHY TQKSLSLSPG (SEQ 1D NO:84)
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Amino acid seguence of chumernc 2C4 kappa hight chain
EHLTOSPAIMSASPGEKVSITCSATSSVAYMHWFQOQKPGTSPRLWIYSTSNLASGVPVRE
SGEGSGTSYSLTISRMEAEDAATYYCQORSSYPFTFGSGTKLEIKRTVAAPSVFIFPPSDE
QLKSGTASYVVCLENNFYPREAKVOWKYVDNALQSGNSQESYTEQGDSKDSTYSLESSTLTL
SKADYEKHEVYACEVTHQGLSSPYVTKSFNRGEC (SEQ 1D NO:85)

Amuno acid seguence of chimeric 2E2? kanna hieht chain

QULTQSPAIMSASPGEKVSITCSATSSVSYMHWFEFQQKPGTSPKLWIYSTSNLASGYPVRF
SGSGSGTSYSLTISRMEAEDAATYYCQORSSYPFTFGSGTKLEIKRTVAAPSVFEIFPPSDE
QLEKSOTASVVCLLNNFYPREAKVOWEVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHOQGLSSPVTKSFNRGEC (SEQ 1D N(:86)

Ao acid sequence of HEKA eG4 heavy chain (1eG4 contains a 5228 mutation)
EVQLVESGGGLVQPGGSLRLSCAASGFSLTIYGAHWVRQAPGKGLEWVGVIWAGGST
NYNSALMSRFTISKDNSKNTVYLOMNSLRAEDTAVYYCARDGRSPYYYSMEYWGQGT
TVITVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEFP
AVLOSSGLY SLSSYVTVPSSSLGTKTY TCNVDHKPSNTKVDEKRVESKYGPPCPPCPAPEF
LGGPSVELFPPKPEKDTLMISRTPEVICVVVDVSQEDPEVOFNWY VDGVEVHNAKTKPR
EEQFNSTYRVVEVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGOPREPQVYTL
PPSQEEMTENGQVSLTCLVEKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRL
TYDKSRWQEGNVFSCSYMHEALHNHY TOQKSLSLSLG (SEQ ID NG:ET)

Amino acid sequence of mouse 13 heavy chain variable domain {underlined residucs comprise

CDRs HI and H2 according to Chothia numbering)
EVOVVESGGDLVKSGGSLELSCAASGFPFSSYAMSWVROTPDRKRLEWVALISSGGSYTY
YSDSVKGRFTISRDNAKNTLYLOMSSLKSEDTAMY YCARHETAQAAWFAYWGQGTLY
TVSA (SEQ ID NQ:106)

Amino acid seguence of mouse 1H10 heavv chamn vanable domawnfunderlined residues comprise

CHERs Hl and H? according to Chothia numbering)
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EVQLOQSGAELVRPGASVKLSCTASGENIKDY YMYWVKQRPEQGLEWIGRIAPEDGDT
EYAPKFQGKATVTADTSSNTAY LHLSSLTSEDTAVYYCTTEGNY YGSSILDYWGQGTT
LTVSS (SEQ ID NG:107)

Amiuno acid seguence of mouse 4F11 heavy chain vanable domain (underlined residues

comprise CDRe H and H? according to Chothia numberning)
OVOLOQOSGAELVKPGASVKISCKASGY AFRSSWMNWVKGRPGKGLEWIGQIY PGDDY
TNYNGKFKGKVTLTADRSSSTAYMQLSSLTSEDSAVYFCARLGPYGPFADWGQGTLVT
VSA (SEQ ID NG:108)

Anuno acid seguence of mouse 1C3 hsht chain variable domain
GIVLTRSPAIMSASPGEKVTMTCSASSSVSYMHWY QOKSGTSPKRWIYDTSKLAYGVYP
ARFSGSGSGTSYSLTISSMEAEDAATYYCQOQWSSNPPTFGGGTKLEIK (SEG 1D NO:109)

Aming acid sequence of mouse HHI0 Lisht chain variable domain
DIOMTOTTSSLSASLGDRVTISCRASGDITNYLNWYQOQKPDGTVELLIYFTSRLHSGVES
RFSGSGSGTDYSLTISNLEQEDIATYFCOQOQGNTLPWTFGGGTKLEIK {(SEG ID NO:110)

Amino acid sequence of mouse 4F11 light chain vanable domain
QIVLTOSPAIVSASPGEKVTMTCSASSSVSYMYWYQOQRPGSSPRLLIVDTSSLASGVEVR.
FSGSGSGTSYSLTISRIESEDAANYYCQOWNSDPYTFGGGTKLEIK (SEQ ID NO:11D)
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CLAIMS
What is claimed is:
1. A method for treating or preventing an allergic ocular disease in an mdividual

comprising administering to the individual an effective amount of a composition comprising an

antibody that binds to human Siglec-8.

2. The method of claim 1, wherein the individeal has allergic conjunctivitis.

3. The method of claim 2, whergin the tndividual has seasonal allergic conjunctivitis.

4, The method of claim 2, wherein the individual has perennial allergic conjunctivitis,

5. The method of claim 2, wherein the individual has atopic keratoconjunctivitis.

6. The method of claim 2, wherein the individual has vernal keratoconjunctivitis.

7. The method of claim 1, wherein the individual has giant papillary conjunctivitis.

8. The method of claim 7, wherem the individual uses contact lenses.

9. The method of any one of claims 1-8, wherein the individual has increased inflammation

i at least a portion of the conjunctiva, as compared to an individoal without an allergic ocular

disease.

10. The method of claim 9, wherein the individual has an increased number of mast cells,
neutrophils, eosinophils, and/or lymphocyvies n at least a portion of the conjunctiva, as

compared to an individual without an allergic ocular disease.

1L The method of any one of claims 1-10, wherein a conjunctival scraping obtained from

the ndividual comprises cosinophils.

12, The method of any one of claims 1-10, wherein a serum or tear sample obtaimed from the

mdividual bas increased igE, as compared to an individual without an allergic ocular disease.

13, The method of any one of claims 1-10, whercin an epicutaneoas or intracutaneous

allergy test administered to the individual using an allergen results in an allergic response.
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14. The method of any one of claims 1-13, wherein one or more symptom(s) in the

mdividual are reduced as compared to a baseline level before administration of the composition,

i5. The method of any one of claims 1-13, wherein one or more of conjunctival itching,
conjunciival redness, conjunctival swelling, ooular discharge, vleeration, tearing, hid
hypertrophy, crusting, symblepharon, periocular eczema, madarosis, photophobia, keratitis, giant
papillac, and cataracts in the mdividual are reduced as compared to a baseling level before

administration of the composition.

16, The method of any one of claims 1-15, whercin the composition 1s administered by

miravenocus miusion.

17.  'The method of any one of claims 1-13, wherein the composition is administered by

subcutaneous Wnjection.

18. The method of any one of claims 1-17, wherein the antibody comprises a Fe region and
N-glveoside-linked carbohydrate chains linked to the Fc region, wherein less than 50% of the N-
glycostde-linked carbohydrate chains of the antibody in the composition contain a fucose

residue.

19, The method of claim 18, wherem substantially none of the N-glycoside-linked

carbohydrate chains of the antibody 1o the composition contain a fucose residug.

20, The method of any one of claims 1-19, wherein the antibody comprises 8 heavy chain
variable region and a light chain varniable region, wherein the heavy chain variablie region
comprises (i) HYR-H1 comprising the amino acid sequence of SEQ D NO:61, (1) HVE-H2
comprising the aming acid sequence of SEQ ID NO:62, and (111) HVR-H3 compnising the amino
acid sequence of SEQ 1D N{:63; and/or wherein the light chain variable region comprises (1}
HVR-L1 comprising the anino acid sequence of SEQ 1D NG:64, (1) HVR-L2 comprising the
amino acid sequence of SEQ ID NG:63, and (1) HVR-L3 comprising the amino acid sequence

of SEQ ID N@:66.

21, The method of any one of claims 1-19, wherein the antibody comprises a heavy chain
variable region and a light chain vanable region, wherein the heavy chain variable region

comprises (1) HYR-H1 comprising the amine acid sequence of SEQ ID NO:61, (113 HVR-H2
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comprising the amino acid sequence of SEQ 1D NG:62, and (1) HVR-H3 comprising the amino
acid sequence selected from SEQ 1D NOs:67-70; and/or wherein the light chain variable region
comprises (1) HVR-L1 comprising the amino acid sequence of SEQ 1D NG:64, (1) HVR-L2
comprising the amino acid sequence of SEQ 1D NO:63, and (1) HVR-L3 comprising the amino

acid sequence of SEQ 1D NO71.

22. The method of any one of claims 1-19, wheremn the antibody comprises a heavy chain
variable region comprising the amino acid sequence of SEQ 1D NO:6; and/or a light chain

variable region comprising the amino acid sequence selected from SEQ ID NG:16 or 21,

23 The method of any one of claims 1-19, wherein the antibody comprises a heavy chain
variable region comprising the amino acid sequence selected from SEQ 1D NOs:11-14; and/ora
light chain vanable region comprising the anuno acid sequence selected from SEQ 1D NOs:23-
24.

24, The method of any one of claims 1-19, whercin the antibody comprises a heavy cham

variable region comprising the amino acid sequence selected from SEQ ID NQOs:2-14; and/ora
light chain variable region comprising the amino acid sequence selected from SEQ D NOs: 16-

24,

25, The method of any one of claims 1-19, wherein the antibody comprises a heavy chain

variable region comprising the amino acid sequence selected from SEQ ID NQOs:2-10; and/ora

light chain variable region comprising the amino acid sequence selected from SEQ [D NOs:16-
2

2

26, The method of any one of claimg 1-19, wherein the antibody comprises:

{a} heavy chain variable region comprising:
(1) an HC-FR1 comprising the amino acid sequence sclected from SEQ 1D
N(3s:26-29;
(2} an HVR-H]1 comprising the amino acid sequence of SEQ 1D NQO:61;
(3) an HC-FRZ compnsing the amino acid sequence selected from SEQ 1D

{4}y an HVR-H2 comprising the amino acid sequence of SEQ 1D NO:62;
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(5} an HC-FR3 comprising the amino acid sequence selected from SEQ 1D
NQOs:38-43;

(6} an HYR-H3 comprising the amino acid scguence of SEQ 1D NO:63; and

{7y an HC-FR4 comprising the amino acid sequence selected from SEQ 1D
N3s:45-46_ and/or

{b} a light chain variable region comprising:

(1) an LC-FR1 comprising the anino acid sequence selected from SEQ 1D
N(s:48-49;

(2} an HVR-L1 comprising the aming acid sequence of SEQ 1D NO:64;

(3} an LC-FR2 comprising the amino acid sequence selected from SEQ 1D

(4} an HVR-L2 comprising the amino acid sequence of SEQ ID NQG:65;

(5) an LC-FR3 comprising the amino acid sequence selected from SEQ ID

NOs5:55-58;
(6) an HVR-L3 comprising the amino acid sequence of SEQ 1D NO:66; and
(7y an LO-FR4 comprising the amino acid sequence of SEQ 1D NO:60.

27. The method of any one of claims 1-19, wherein the antibody comprises:

(a} heavy chain variable region comprising:

(1) an HC-FRI comprising the amino acid sequence of SEQ ID N(:26;

{2y an HVR-H1 comprising the amino acid sequence of SEQ 1D NG:61;

(3) an HC-FR2 comprising the amino acid sequence of SEQ 1D NO:34;

{4} an HVR-H2 comprising the amino acid sequence of SEQ ID NO:62;

(5) an HC-FR3 comprising the amino acid sequence of SEQ 1D NO:33;

(6} an HVYR-H3 comprising the amino acid sequence of SEQ 1D NO:63; and

(7) an HC-FR4 comprising the amino acid sequence of SEQ 1D NOs:43; and/or
(b} a light chain variable region comprising:

(1) an LC-FR1 comprising the amino acid sequence of SEG 1D NG:48;

(2 an HYR-L1 comprising the amine acid scquence of SEQ 1D NO:64;

(3) an LC-FR2 comprising the amino acid sequence of SEQ HI NO:51;

{(4) an HVR-L2Z compnising the amino acid sequence of SEQ ID NG.65;

(3) an LC-FR3 comprising the amino acid sequence of SEQ H) NG:55;
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(6) an HVR-L3 comprising the amino acid sequence of SEQ 1D N{:66; and
{7y an LC-FR4 comprising the amino acid sequence of SEQ 13 NO:60.

28. The method of any one of claims 1-19, wherein the antibody comprises:

{a} heavy chain variable region comprising:

(1} an HC-FR1 comprising the amino acid sequence of SEQ 1D NG:26;

(2 an HYR-H1 comprising the amino acid sequence of SEQ D NO61;

(3) an HC-FR2 comprising the amino acid sequence of SEQ 1D NG:34,

{4} an HVR-H2 comprising the amino acid sequence of SEQ ID NO:62;

(5) an HC-FR3 comprising the amino acid sequence of SEQ 1D NO:33;

(6} an HVYR-H3 comprising the amino acid sequence of SEQ 1D NO:63; and

(7) an HC-FR4 comprising the amino acid sequence of SEQ 1D NOs:43; and/or
(b} a light chain variable region comprising:

(1) an LC-FR1 comprising the amino acid sequence of SEQ 1D NO:4R;

(2} an HVR-L1 compnsing the amino acid sequence of SEQ ID NG:64;

(3} an LC-FRZ comprising the amino acid sequence of SEQ 1D NO:51;

{(4) an HVR-L2Z compnising the amino acid sequence of SEQ ID NG.65;

(3) an LC-FR3 comprising the amino acid sequence of SEQ H) NG:58;

(6) an HVR-L3 comprising the amino acid sequence of SEQ 1D NO:66; and

(7y an LO-FR4 comprising the amino acid sequence of SEQ 1D NO:60.

29, The method of any one of claims 1-19, wherein the antibody comprises:

a heavv chain varable region comprising (1) HVR-HI comprising the amino acid
sequence of SEQ 1D NO:38, (1)) HVR-H2 comprising the amino acid sequence of SEQ ID
NG:91, and (1) HVR-H3 compnsing the amino acid sequence of SEQ 1D NG:94; and/or a light
chain variable region comprising (i} HVR-L1 comprsing the amino acid sequence of SEQ ID
NO:97, (1) HYR-L2 comprising the amino acid sequence of SEQ 1D N(O: 100, and (ni) HVR-L3
compnsing the amino acid sequence of SEQ 1D NG:103;

a heavv chain variable region comprising (i) HVR-H1 comprising the amino acid
sequence of SEQ 1D NO:8Y, (1) HVR-H? comprising the amino acid sequence of SEQ ID
NG:92, and (111 HVR-H3 comprising the amino acid sequence of SEQ ID NG:95; and/or a light

chain variable region comprising (1} HYR-L1 comprising the amino acid sequence of SEQ ID
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NG9, (1) HYR-L2 comprising the amino acid sequence of SEQ ID NQO: 101, and (1) HVR-L3
comprising the amine acid sequence of SEQ 1D NG 104, or

a heavy chain variable region comprising (1) HVR-H1 comprising the anino acid
sequence of SEQ [D N(:90, (1) HVR-H2 comprising the amino acid sequence of SEQ 1D
NO:93, and (11) HVR-H3 comprising the amine acid sequence of SEQ 1D NO:96; and/or a light
chain variable region comprising {i) HVR-L1 comprising the amino acid sequence of SEQ 1D
NG99, (1) HVR-LZ comprising the amino acid sequence of SEQ 1D NG 102, and (i11) HVR-L3

coraprising the ammo acid sequence of SEQ 1D NO:105.
30. The method of any one of claims 1-19, wherem the antibody comprises:

a heavv chain variable region comprising the amino acid sequence of SEQ 1D NO:106;
and/or a light chain variable region comprising the anmino acid sequence of SEQ 1D NO:109;

a heavy chain variable region comprising the amino acid sequence of SEQ 1D NG 107,
and/or a light chain variable region comprsing the amino acid sequence of SEQ 1D NG:110; or

a heavy chain variable region comprising the amino acid sequence of SEQ 1D NG:108;

and/or a light chain variable region comprising the amino acid sequence of SEQ ID NO:11T

31, The method of any one of claims 1-19, wherem the antibody bmnds to 2 human Siglec-8

and a non-human primate Siglec-8.
32. The method of claim 31, wherem the non-human primate 1s a baboon.

33, The method of claim 31, wherein the antibody binds to an epitope in Domain 1 of human

Siglee-8, wherein Domain 1 comprises the amino acid sequence of SEQ ID N(G:112.

34 The method of claim 31, wherem the antibody binds to an epitope in Domain 3 of human

Siglec-8, wherein Domain 3 comprises the amino acid sequence of SEQ 1D NO:114.

35, The method of claim 31, wherein the antibody binds to the same epitope as antibody
4F11
36.  The method of any one of claims 1-19, whercin the antibody binds to an epitope in

Domain 2 or Domain 3 of human Siglee-8.
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37 The method of claim 36, wherein Domain 2 comprises the amino acid sequence of SEQ
D NG 113,

38.  The method of claim 36, wherein the antibody binds to the same epitope as antibody
1C3.

39.  The method of claim 36, wherein Domain 3 comprises the amino acid sequence of SEQ
D NG 14,

490, The method of claim 36, wherein the antibody binds to the same epitope as antibody
1H10.

41, The method of any one of claims 1-19, wherein the antibody binds to an epitope in

Domain 1 of human Siglec-8 and competes with antibody 4F11 for binding to Siglec-8.

42, The method of claim 41, wheremn the antibody does not compete with antibody 2E2 for

binding to Siglec-§.

43, The method of claim 42, wherem the antibody 1s not antibody 2E2.

44, The method of claim 41, wherein Domain | comprses the amino acid sequence of SEQ
DNG:1H2
45. The method of any one of claims 20-44, wherein the antibody 1s a human antibodv, a

humanized antibody, or a chimeric antibody.

46, The method of any one of claims 20-45, wherein the antibody depletes blood eosinophils

and inhibits mast cell activation.

47 The method of any one of clatms 20-46, wherein the antibody comprises a heavy chain

Fc region comprising a human IgG Fe region.

48. The method of claim 47, wherein the human IgG Fc region comprises a human IgGl Fe
region.
49, The method of claim 48, wheremn the human IgG1 Fe region 1s non-fucosylated.
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50.  The method of claim 47, wherein the human IgG Fe region comprises a human IgG4 Fe
region.
51 The method of claim 30, wherein the human IgG4 Fe region comprises the amino acid

substitution S228P, wherein the amino acid residues are numbered according to the EU mdex as

m Kabat.

52. The method of any one of claims 20-44, wherein the antibody has been engineered to

mmprove antibody-dependent cell-mediated cviotoxicity (ADCC) activity.

53, The method of claim 52, wherein the antibody comprises at least one amino acid

substitution m the Fc region that improves ADCC activity.

54.  The method of any one of claims 20-46, wherein at least one or two of the heavy chains

of the antibody is non-fucosvlated.

55, The method of any one of claims 1-19, wherein the antibodv comprises a heavy chamn
comprising the amine acid sequence of SEQ 1D NG:75; and/or a light chain comprising the

amino acid sequence selected from SEQ 1D NO:76 or 77.
56, The method of any one of claims 1-35, wherein the antibody is 2 monoclonal antibody.

57. The method of any one of claims 1-536, wheremn the composition 1s admimustered in
combination with one or more additional therapeutic agent(s) for treating or preventing an

allergic ocular discase.

58. The method of claim 57, wherein the one or more additional therapeutic agent(s) are
selected trom the group consisting of a corticosteroid, antilustamine, ketotifen, azelastine,

gpinasting, bepostatine, cyclosporing, and a non-stercidal anti-inflammatory agent (NSAID).

39. The method of any one of claims 1-58, wherein the individual is a human.
64, The method of any one of claims 1-39, wherein the composition is a pharmaceutical

composition comprising the antibody and a pharmacestically acceptable carrier.

61.  An articie of manufacture comprising a medicament comprising a composition

comprising an antibody that binds to haman Siglec-8 and a package insert comprising
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mstructions for administration of the medicament in an individeal 10 need thereof according to

any one of claims 1-60.
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