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ANTI-OXCORZ ANTIBODIES AND USES THEREQF

CROSS REFERENCE TO RELATED APPLICATIONS
{0001} This application claims the benefit of the filing date of U.S. Provisional
Application No. 62/713,095, filed August 1, 2018, the disclosure of which is hereby incorporated

by reference in its entirety.

SEQUENCE LISTING

(6602} The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby mcorporated by reference in its entirety. The
ASCH copy, created on July 30, 2019, is named 102085 003304 SL and 15 279,927 bytes in

s1z€.

TECHNICAL FIELD

10003}  The instant application is directed to human antibody molecules that

immunospecifically bind to human CXCR2.

BACKGROUND

(6604} Neutrophils are the most abundant leukocvites in the blood. They are important
effector cells of innate immunity, with a primary role in the clearance of extraceliular pathogens.
However, if neutrophi] recruitment fo tissue 1s inadequately controlied, chronic infiltration and
activation of neutrophils may result in the persistent release of mflammatory mediators and
protemases which cause overt tissue damage.

{0005}  The nugration and activation of neutrophils is moderated through the interaction
of CXC chemokine receptor 1 (CXCR1) and CXC chemokine receptor 2 {CXCR2) on the
plasma membrane of the neutrophil with ELR+ CXC chemokines (CX{CL1, 2, 3, 5, 6,7, and 8).
CXCR2 acts as a bigh affinity receptor for all ELR+ CXC chemokines and plays a key role in
the mobilization and recruttment of neutrophils and monocytes from the blood to tissue. The
chemokines CXCL6, 7, and 8 also interact with CXCR1, which modulates respiratory burst
activity and protease release from neutrophils, and which is critical for immunity to bacteria and
fungi.

(6606} Increased neutrophil counts in sputurm have been associated with phenotypes
associated with increased asthma severity, corticosterotd insensitivity, and chronic airflow

obstruction. Airway neutrophilia is increased during acute asthma exacerbations. Airway
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neutrophilia is also a feature of all clinical phenotypes of chronie obstructive pulmonary discase
(COPD) including COPD with a predominance of emphysema, COPD with frequent
exacerbations, and COPD with evidence of high cosinopbil activity. The degree of airway
neutrophilia also correlates with severnty of disease and rate of physiological decline. Neutrophil
proteimnases, especially neutrophil elastase, are implicated in all pathological features of COPD.
Proteinases released by neutrophils are also associated with the development of emphysema,
contribute to destruction of the extracellular matrix, and are associated with mucus
hypersecretion. These associations suggest that neutrophil infiltration into the airways may have
a crucial role in the pathophysiological processes underlying severe asthima and COPD.

[8607] CXCLI, CXCLS, and CXCLR are CXCR2-binding chemokines which are
implicated in neutrophil recruitment. CXCL1, CXCLS, and CXCLS are upregulated in chronic
airway inflammation and elevated in sputum or in bronchial biopsy material from subjects with
severe ncutrophilic asthma or COPD. Antagonizing the chemokine activation of CXCR2 offers a
potential therapeutic strategy by reducing neutrophil recruitment into tissues and neutrophil
mediated pathologies associated with these inflammatory diseases.

{80608} Chemokine receptors, however, have proven to be difficult targets to antagonise
selectively. Despite difficulties in developing compounds with a desirable target specificity and
antagonist activity, several small-molecule CXCR2 antagonists have proven etfective in animal
models of inflammation. Human clinical trials of small molecule CXCR2 antagonists in subjects
with neutrophilic asthma or COPD have not demonstrated broad efficacy, even though studies of
inhaled ozane~ and lipopolvsaccharnide-induced sputum neutrophilia in otherwise normal human
subjects demonstrated marked efficacy. Only a modest improvement in baseline hung function
(FEV1} was observed in COPD patients who were current smokers when compared with ex-
smokers. To date, all published clinical trials have used small molecule CXCR2 antagonists.
The most studied is danirixin (GSK1325756), a reversible and selective CXCR2 antagonist
(3Cs for CXCLS binding = 12.5 nM), which has also shown to block CD11b upregulation on
neutrophils. (See, e.g. Miller ef ¢, BMC Pharmacol Toxicol 2015, 16: 18}, Danirixin failed to
meet primary end points in a Phase b trial for COPD.  Other CXCRZ sclective molecules
mclude SB-566933 (Lazaar et ¢/, Br. J Clin. Pharmacol. 2011, 72: 282-293) and AZD3069,
which is CXCR2 selective (>150-fold less potent at CXCR1I and CCR2b receptors} and has no
effect on CSa, LTB4 or fMLP induced CD11b expression) (Nicolls et al., J. Pharmacol Exp.
Ther. 2015, 353: 340-350). Molecules which inhibit both CXCR2 and CXCR1 include navarixin
(SCH 527123, MK-7123; Todd ef al , Puim Pharmaco! Ther. 2016 Dec; 41: 34-39}, and

ladarixin (DEF2156A; Hirose er al., J Genet Syndr Gene Ther 2013, §3). These molecules are
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being nvestigated for multiple indications, mcluding COPD, asthma and other nflammatory
lung conditions, cancer, and more.

{60605 In some studies, the use of small molecule CXCRZ antagonists resulted in a
marked undesirable reduction in circulating neutrophils (neutropenia), which potentially hinuts
the tolerable dose of such agents. Neutropenia may be a result of the antagonist not being
completely specific to CXCR2, and/or if the antagonist was active across all CXCR2-binding
ligands. CXCL8 and related CXC chemokines, for example, bave a sigoificant role in mobilizing
mature granulocytes into peripheral blood, and consequently strong antagonism of these ligands
on CXCR2 may prevent the normal migration of neutrophils to the blood. Conversely,
preferential antagonism of the downstream pathway involving calcium flux signalling following
ligand binding to CXCR2 may antagonize undesirable levels of nugration of neutrophils into the

lungs, whilst retaining the desirable ability of neutrophils to be mobilized into the blood.

SUMMARY

[0016] Disclosed herein are human antibody molecules that immunospecifically bind to
human CXCR2. The disclosed human antibody molecules are more selective antagonists of
CXCR2 than currently described small molecule CXCR2 antagonists, more potent antagomsts of
CXCLT and CXCLS activation of CXCR2 than currently described antibody antagonists of
CXCR2, and antagonize the recruitment of neutrophils into tissues without strongly depleting
circulating neutrophil numbers. The human antibody molecules comprise the heavy chain
CDRI1, CDR2, and CDR3 of SEQ ID NO: 167 and the light chain CDR1, CDR2, and CDR3 of
SEQ 1D NO: 168 or the heavy chain CDR1, CDRZ, and CDR3 of SEQ 1D NO: 226 and the light
chain CDR1, CDR2, and CDR3 of SEQ ID NG: 227, and mhibit activation of human CXCR2 by
human CXCL1 or human CXCL3. In certain embodiments the disclosed human antibody
molecules are able to mhibit activation of CXCR2 by CXCL1 or CXCLS in a subject without
inducing severe, sustained neutropenia.

[6011] Pharmaceutical compositions comprising the human antibodv molecules are
also provided.

[0012] Also disclosed are nucleic acid molecules encoding the human antibody
molecules, vectors comprising the nucleic acid molecules, and cells transformed to express the
human antibody molecules.

10013} Methods of proventing or treating neutrophilia in a peripheral tissue of a subject,

such as airway neutrophilia, are also disclosed herein. Also disclosed herein are methods of
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reducing monocytes in a peripheral tissuc of a subject. Also disclosed are methods of reducing
eosinophifia in a peripheral tissue of a subject.

10014}  Also disclosed herein are methods of reducing acute airway inflanwation,
methods of preventing or reducing chronic airway inflammation for example in bronchiectasis,
methods of redacing tumor burden, methods of arresting or slowing the growth of a cancer,
methods of reducing chronic pain, methods of preventing or reducing neuroinflammation such as
i muttiple sclerosis, methods of reducing inflammation 1 the liver, methods of reducing
inflammation n the pancreas or methods of reducing the symptoms of type T diabetes. The
methods comprise administering to the subject a therapeutically- or prophylactically-effective
amount of anv of the disclosed human antibody molecules or any of the disclosed
pharmaceutical compositions to treat or prevent the disclosed condition in the subject.

(8618} Also provided are the disclosed human antibody molecales or pharmaceotical
compositions for use in the prevention or treatment of airway neutrophilia or acute lung
mflammation. Also provided is the use of the human antibodies molecules or phammaceutical
compositions i the manutacture of a medicament for the prevention or treatment of atrway

neutrophilia or acute hing inflammation.

BRIEF DESCRIPTION OF THE DRAWINGS

[#616] The summary, as well as the following detailed description, is further
understood when read in conjunction with the appended drawings. For the purpose of
illustrating the disclosed human antibody molecules, methods, and uses, there are shown in the
drawings exemplary embodiments of the human antibody molecules, methods, and uses;
however, the human antibody molecules, methods, and uses are not limited to the specific
erabodiments disclosed. In the drawings:

6617} ¥FIG. 1A and FIG. 18 ilustrate the results of an exemplary dose response
inhibition study of CXCLE-mduced activation of CXCR2 by exemplary disclosed anti-CXCR2
antibodies as measured in the Tango™ cell based assay.

[6618] FIG. 2 dlustrates a dot plot showing binding activity of exemplary disclosed
anti-CXCR2Z antibodies to native human CXCR2 expressed by human neutrophils and native
cynomolgus CXTR2 expressed by cynomolgus neuatrophils. Antibody binding activity was
quantified as average mean fluorescence mtensity (MFEFD values obtained from 4 to ¥ independent

samples.
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[0018]  FIG. 3 illustrates the resulis of an exemplary dose response study of the
inhibition of CXCLI-mediated activation of CXCR2 by selected anti-CXCR2 antibodies, as
measured in the Tango™ cell based assay.

[8020] FIG. 4A and FIG. 4B illustrate an anmuino acid sequence alignment of exemplary
BKO-4A8 variants with similar potency to parental BKG-4A8, and provides a consensus
sequence. FIG. 4A = vanable heavy chain sequences (BKO-4A8 SEQ ID NO:17; conseasus
sequence SEQ ID NO:167); FIG. 4B = vaniable light chain sequences (BKO-4AR SEQ ID
NO:18; consensus sequence SEQ ID NG:168). The positioming of the CDRs within these
sequences is according to Kabat. Accordingly, the 53rd amino acid residue in the alignment in
FIG. 4A 1s numbered 52a according to Kabat {although the G52al} variant has a G to D change
at the 53rd residue, the residue 1s named 52a). Similarly, in FIG. 4B, the 96th amino acid residue
is named 95a. FIG. 4A discloses SEQ ID NGs: 17, 53-75, and 167 and the CDR1, CDR2, and
CDR3 sequences of SEQ D NOs: 169-171, respectively, in order of appearance. FIG. 4B
discloses SEQ 1D NOs: 18, 76-97, and 168 and the CDR1, CDR2, and CDR3 sequences of SEQ
D NOs: 172-174, respectively, in order of appearance.

[0021] FIG. 5A and FIG. 5B illustrate an amino acid sequence alignment of exemplary
combmatorial BKO-4AR varniants {abbreviated “Var”) with parental BKO-4A8, and provides a
consensus sequence based on these variants. FIG. 34 = variable heavy chain sequences (BKO-
4A8 SEQ ID NO:17; consensus sequence SEQ 1D NO:226); FIG. 5B = variable hght chain
sequences (BKO-4A8 SEQ 1D NO:13; consensus sequence SEQ 1D NG:227). FIG. SA
discloses SEQ ID NOs: 17, 98-108, 163-165, and 226 and the CDR1, CDR2, and CDR3
sequences of SEQ 1D NOs: 228-230, respectively, in order of appearance. FIG. 5B discloses
SEQ ID ND¢: 18, 109-110, and 227 and the CDR1, CDR2, and CDR3 sequences of SEQ 1D
NQs: 201 and 231-232, respectively, in order of appearance.

[6022] FIG. 6A and FIG. 68 tlustrate the resulis of a dose response inhibition study
of (FIG. 6A) CXCLI- and (FIG. 6B) CXCLE-mediated activation of CXCR2 by select anti-
CXCR2 antibodies BKO-4AR and the optimized antibodies BKO-4A8-101¢c, BKO-4A8-103c,
BKO-4A8-104c and BK(O-4AR-105¢ as measured in the Tango™ cell based assay.

[6023] FIG. 7 itlustrates the results of a dose response inhibition study of ELR+ CXC
chemokine-mediated activation of CXCR2 by the disclosed anti-CXCR2 antibody BKG-4A8-
101¢ as measured in the Tango™ cell based assay.

10024} FIG, 8 dlustrates the results of a dose response inhibition study of CXCLI-,
CXCL5- and CXCL8-mediated activation of CXCR2 by the disclosed anti-CXCR2 antibody

BK(-4A8-101c¢ as measared 1n a calcium flux assay.
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[6025]  FIG. 9 illustrates human CXCR2 binding activity of the disclosed anti-CXCR2
antibody BKO-4A8 formatted onto different human IgG constant regions, as determined by flow
cytometry analysis.

[6626] FIG. 10 illustrates the results of a dose response inhubition study of CXCL8-
mediated activation of the disclosed anti-CXCR2 antibody BKO-4AE formatted onto different
human IgG constant regions, as measured in the Tango™ cell based assay.

(6027 FIG. 11 illustrates results from binding studies of the anti-CXCR2 antibody
BKO-4A8-101c with a vanety of human CXCR family members. The results demonstrated that
BK(O-4A8-101c only bound to CXCR2 amongst the human CXCR family members.

19028} FIG. 12A and FIG, 12B illustrate an exemplary binding profile of BKO-4A8-
101c (shaded histogram) o phenotypically defined human peripheral biood hematopoicetic cells
assessed by flow cytometry (N=8}, incorporating isotvpe controls (human-Ig( unshaded
histogram}. Expression was high on neutrophils (FIG. 124), while monocytes (FIG. 128}
expressed mtermediate lovels of CXCRZ.

00281 FIG. 134, FIG. 13B, and FIG. 13C illustrate the results of a subcutaneous
sensitization and intranasal challenge {on Day 14} using House Dust Mite (HDM) antigen, which
induced features of acute allergic {asthma-like) inflammation in the hings of human-CXCR2
transgenic mice. Specifically, following challenge mice demonstrated a moderate to marked
multifocal pulmonary mflammation with cosinophils, and mild to moderate bronchiolar goblet
cell hyperplasia compared to control {naive) mice that had little to no inflammation. Treatment
with BKO-4A8-mlgG resulted in a reduction in the severity of pathology including significant
reductions in tung neutrophil (FIG. 13A) and lung eosinophil counts (FIG. 13B) and mucus
density score (FIG. 13C) compared to vehicle.

180638} FIG, 14A and FIG, 148 illustrate results of anti-CXCR2 activity of the
antibody BKO-4A8-101¢ in a cynomolgus monkey model of acute lung inflammation. Acrosol
inhalation of lipopolvsacchande (LPS) {on Day 0) successtully induced features of acute
neutrophilic inflammation n the fungs of cynomolgus monkevs. Treatment with anti-CXCR2
antibody BKO-4AR-101c (1 mg/ke) | hour prior to challenge with LPS onday O resulted n a
significant reduction in bronco-alveolar lavage neutrophil counts 24 hours after LPS challenge.
(FI(. 14A) Peripheral blood neutrophil coants were not impacted by three repeat
adnunistrations of BKO-4A8-101c given at two weekly mtervals on Day 0, 14 and 28. Group
median and range shown, N=4, (FI{z. 14B)

[6631] FIG. 184, FIG. 18B, and FIG. 15C show selective inlubition of chemokine-

indaced upregulation of CD11b on enriched human neutrophils. Anti-CXCR2 antibody
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significantly inhibited the response to CXCL1T (p=0.0002) (FIG. 15A) and CXCLS (p=0.0001)
(FIG. 15B). Anti-CXCR2 antibody was significantly more inhibitory than the small-molecule
antagonist 5 in the same assays {(p<0.00538) (FIG. 15A-B). CXCL8-mediated CD1ib
upregulation was reduced by a CXCR1 antagonist {data not shown), but not by anti-CXCR2

antibody or antagonist 5 (FIG. 15C).

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

(6032} The disclosed buman antibody molecules, methods, and uses may be understood
more readily by reference to the following detailed description taken in connection with the
accompanying figures, which form a part of this disclosure. It is to be anderstood that the
disclosed human antibody molecules, methods, and uses are not limited to the specific human
antibody molecules, methods, and uses described and/or shown herein, and that the terminology
used herein is for the purpose of describing particular embodiments by way of example only and
is not intended to be limiting of the claimed human antibody molecules, methods, and uses.

[6033] Unless specifically stated otherwise, any description as 1o a possible mechanism
or mode of action or reason for improvement is meant to be llustrative only, and the disclosed
human antibody molecules, methods, and uses are not to be constrained by the correctness or
incorrectness of any such suggested mechanism or mode of action or reason for tmprovement.

[8634] Throughout this text, the descriptions refer to human antibody molecules and
methods of using said haman antibody molecules. Where the disclosure describes or claims a
feature or embodiment associated with a human antibody molecule, such a feature or
embodiment is equally applicable to the methods of using said buman anttbody molecule.
Likewise, where the disclosure describes or claims a feature or embodiment associated with a
method of using a human antibody molecule, such a feature or embodiment is equally applicable
to the human antibody molecule.

16635] Where a range of numerical values is reciied or cstablished herein, the range
includes the endpoints thereof and all the individual integers and fractions within the range, and
also mncludes cach of the narrower ranges therein formed by all the various possible
combinations of those endpoints and intemnal integers and fractions to form subgroups of the
larger group of values within the stated range to the same extent as if each of those narrower
ranges was explicitly recited. Where a range of numerical values is stated herein as being greater
than a stated value, the range is nevertheless finite and is bounded on its upper end by a value
that 1s operable within the context of the mvention as described herein. Where a range of

numerical values is stated herein as being less than a stated value, the range is nevertheless
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bounded on its lower end by a non-zero value. It is not intended that the scope of the mvention
be hmited to the specific values recited when defining a range. All ranges are inclusive and
combinable.

[6636] It is to be appreciated that certain features of the disclosed human antibody
molecules, methods, and uses which are, for clarity, described herein in the context of separate
embodiments, mav also be provided in combination in a single embodiment. Conversely,
various features of the disclosed human antibody molecules, methods, and uses that are, for
brevity, described n the context of a single embodiment, may also be provided separately or in
any subcombination.

18637}  Various terms relating to aspects of the description are used throughout the
specification and claims. Such terms are to be given their ordinary meaning n the art unless
otherwise indicated. Other specifically defined terms are to be construed in a manner consistent
with the definitions provided hercin.

[B038] As used herein, the singular forms “a,” “an,” and “the” include the plural.

[6839]  The term “about” when used in reference to numerical ranges, cutoffs, or
specific values 1s used to indicate that the recited values may vary by up to as muoch as 10% from
the listed value. As many of the mumerical values used herein are experimentally determined, it
should be understood by those skilled in the art that such determinations can, and often times
will, vary among different experiments. The values used herein should not be considered unduly
limiting by virtue of this inherent variation. Thus, the term “about” is used to encompass
vanations of = 10% or less, variations of + 5% or less, vanations of £ 1% or less, vanations of +
0.5% or less, or variations of + 0.1% or less from the specified value. When values are
expressed by use of the antecedent “about” it will be understood that the particular value forms
another embodiment.

[6040] Reference to a particular numerical value includes at least that particular value,
unless the context clearly dictates otherwise,

(6641} The term “comprising” is intended to include examples encompassed by the
terms “‘consisting essentially of” and “consisting of”; sumilarly, the term “consisting essentially
of” i3 intended to include examples encompassed by the term “consisting of”

[8042]  As used herein, “wherein the antibody molecule mhibits CXCL1-induced
activation of CXCR2 or CXCLS-induced activation of CX{CR2” and like phrases refers to the
ability of the disclosed human antibody molecules to reduce CXCL 1-nduced or CXCL3-induced
CXCR2 activation as deternuned in a B-arrestin recruitment in a Tango™ cell based assay by

about 80%, abowut §5%, about 80%, abowut 92%, about 95%, about 97%, or about 100% compared
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to the level of CXCL - and/or CXCL35-induced CXCR2 activation in the absence of the
disclosed human antibody molecules and with an ICso of from 0.08 to 0.5 nM at a concentration
of from 1.5-3.4 oM for CXCL1 and from 47.7 to 150 nM for CXCLS.

[6643] As used herein, “treating” and ke terms refers to at least one of reducing the
severity and/or frequency of symptoms, eliminating symptoms, ameliorating or eliminating the
underlving cause of the symptoms, reducing the frequency or likelthood of symptoms and/or
thetr underlying cause, and/or improving or remediating damage caused, directly or indirectly,
by the described conditions or disorders. Treating may also include prolonging survival as
compared to the expected survival of a subject not receiving the disclosed human antibody
molecules or pharmaceutical compositions comprising the same.

[8044] As used herem, “preventing” and like terms refers to prophylactic or
maintenance measures. Subjects for receipt of sach prophylactic or maimnienance measures
include those who are at risk of having the described conditions or disorders due to, for example,
gengctic predisposition or environmental factors, or those who were previously treated for having
the deseribed conditions or disorders and are recerving therapeutically effective doses of the
disclosed human antibody molecules or pharmaceutical compositions as a mamtenance
medication (¢.g. to maintain low levels of hing neutrophils).

[0045]  As used herein, “administering to the subject” and similar terms indicate a
procedure by which the disclosed human antibody molecules or pharmaceutical compositions
comprising the same are injected into/provided to a patient such that target cells, tissues, or
segments of the body of the subject are contacted with the disclosed human antibody molecules.

[8046] The phrase “therapeutically effective amount” refers 1o an amount of the
disclosed human antibody molecules or pharmaceutical compositions comprising the same, as
described herein, effective to achieve a particolar biological or therapeutic or prophylactic result
such as, but not limited to, biological or therapeutic results disclosed, described, or exemplified
herem. The therapeutically effective amount may vary according to factors such as the disease
state, age, sex, and weight of the individual, and the ability of the composition to cause a desired
response in a subject. Exemplary indicators of a therapeutically effect amount include, for
example, mproved well-being of the subject, a reduction in neutrophilia in one or more
peripheral tissues, such as a reduction in airway neutrophilia, a reduction in the numbers of
monocytes in one or more peripheral tissues, a reduction of acute airway inflaramation, a
reduction of chronic airway mflammation for example in bronchiectasis, a reduction of a tumor

burden, arrested or slowed growth of a cancer, a reduction in chronic pain, a reduction m
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neuroinflammation such as in multiple sclerosis, a reduction m wflammation m the hver, a
reduction of mflammation in the pancreas, or a decrease in the symptoms of type I diabetes.

10047}  As used herein, “pharmaceutically acceptable carrier” or “pharmaceutical
acceptable excipient” includes any material which, when combined with an active ingredient
(such as the disclosed human antibody molecules), allows the ingredient to retain biclogical
activity and is non-reactive with the subject's immune system. Examples mchude, but are not
limited to, any of the standard pharmaceutical carriers such as a phosphate buffered saline
solution, water, and various types of wetting agents (such as polysorbate 20, polvsorbate 80, and
salts of tnsthvdoxymethyljaminomethane (“Tris”), such as the hydrochloride, acetate, maleate
and lactate salts. Also may be added as stabilizing agents are amino acids (such as histidine,
glutamine, glutamate, glycine, arginine), sugars (such as sucrose, glucose, trehalose), chelators
{e.g. ETDA), and antioxidants (¢.g. reduced cysteine). Preferred diluents for aerosol or
parenteral administration arc phosphate buffered saline or normal {0.9%) saline. Compositions
comprising such carriers arc formulated by well-known conventional methods {see, for example,
Remington's Pharmaceutical Sciences, 18th edition, A. Gennaro, ed., Mack Publishing Co.,
Easton, Pa., 1990; and Remington, The Science and Practice of Pharmacy 20th Ed. Mack
Publishing, 2000). In particular embodiments the pharmaceutical composition is a composition
for parenteral delivery.

[8048] The term “subject” as used herein is intended to mean monkevs, such as
cynomolgus macagues, and humans, and most preferably humans. “Subject™ and “patient” are
used interchangeably herein.

{0049} The term “antibody” and Iike terms is meant 1o a broad sense and includes
immunoglobulin molecules including, monoclonal antibodies, antibody fragments, bispecific or
mulktispectfic antibodies, dimeric, tetrameric or multimeric antibodies, and single chain
antibodics. Inununoglobulins can be assigned to five major classes, namely IgA, 1gD, IgE, 12G,
and IgM, depending on the heavy chain constant domain amino acid sequence. IgA and IgG are
further sub-classified as the isotypes IgAl, IgA2, IgGl, 1gG2, 1gG3. and 1G4, Antibody light
chains of any vertebrate species can be assigned to one of two clearly distinct types, namcly
kappa («) and lambda (1}, based on the amino acid sequences of thewr constant domains.

[8056] “Antibody fragment” refers to a portion of an immumnoglobulin molecule that
retains the specific antigen binding properties of the parental full leagth antibody {i.e. antigen-
binding fragment thereof). Exemplary antibody fragments comprise heavy chain
complementarity determining regions (HCDR) 1, 2, and 3 and light chain complementarity

determining regions (LCDR) 1, 2, and 3. Other exemplary antibody fragments comprise a heavy
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chain vanable region (VH) and a light chain variable region (VL). Antibody fragments include
without limitation: an Fab fragment, a monovalent fragment consisting of the VL, VH, constant
light (CL), and constant heavy 1 (CH1) domains; an F(ab) fragment, a bivalent fragment
comprising two Fab fragments linked by a disulfide bridge at the hinge region; and an Fv
fragment consisting of the VL and VH domains of a single arm of an antibody. VHand VL
domains can be engineered and linked together via a svnthetic linker to form various tvpes of
simgle cham antibody designs where the VH/VL domains paur intramolecularly, or
intermolecularly 1n those cases when the VH and VL domains are expressed by separate single
chain antibody constructs, to form a monovalent antigen binding site, such as single chain Fv
(scFv) or diabody; described for example in Int’] Pat. Pub. Nos. WO 1998/044001,

WO 1988/001649, W(1994/013804, and W0 1992/001047. These antibody fragments are
obtained using technigues well known to those of skill in the art, and the fragments are screened
for utility m the same manner as are tull length antibodies.

[0051] Each antibody heavy chain or ight chain variable region consists of four
“framework” regions (FRs) which alternate with three “Complementarity Determining Regions”
(CDRs), in the sequence FR1, CBRI1, FR2, CDR2, FR3, CDR3, FR4 (from amino to carboxy
termind). The three CDRs in the VH are identified as HCDR 1, HCDR2, HCDR3, and the three
CDRs in the VL are identified as LCDRI, LCDR2, LCDR3 respectively. The location and size
of the CDRs are defined based on rules which dentify regions of sequence variability within the
manunogiobulin varable regions (Wu and Kabat § Exp Med 132:211-50, 1970; Kabat et al.
Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National
Institates of Health, Bethesda, Md., 1991}, Amino acid residues within a variable region may be
numbered according the scheme of Kabat (#6214} “Frameworks™ or “framework regions” arc the
remaining sequences of a variable region other than those defined to be CDRs.

(6052} “Human antibody” refers to an antibody having heavy and light chain variable
regions in which both the framework and the antigen binding sites are derived from sequences of
human origin. ¥ the antibody contains a constant region, the constant region also is derived
from sequences of human ornigin. A human antibody comprises heavy or light chain vanable
regions that are “derived from” sequences of haman origin if the variable regions of the antibody
are obtained from a system: that uses human germiine immunoglobulin or rearranged human
immunogiobulin genes. Such systems include buman imnumoglobulin gene hibraries displayed
on phage, and transgenic non-human animals such as mice or rats carrying human
immunoglobulin loci. “Human antibody™ may contain amino acid differences when compared to

the human germiline or rearranged immunoglobulin sequences due to, for example, naturally
<& = > o
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occurring somatic mutations or intentional introduction of substitutions in the framework or
antigen binding sites. Typically, a “homan antibody” is at least about 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% 1dentical 1n amino acid sequence to an amino acid sequence encoded by a human germline
or rearranged immunoglobulin gene. In some cases, a “human antibody” may contain consensus
framework sequences derived from human framework sequence analyses, for example as
described m Kunappik er al.. J Mol Biol 296:57-86, 2000, or syathetic HCDR3 mcorporated into
human immunoglobulin gene libraries displayed on phage, as described in, for example, Shi ef
al., J Mol Biol 397:385-96, 2010 and Int’l Pat. Pub. No. W(2009/085462.

16033} Human antibodies, while derived from human immunoglobulin sequences, may
be gencrated using systems such as phage display incorporating synthetic CDRs and/or synthetic
frameworks, and/or can be subjected fo in vifro mutagenesis to improve antibody properties in
the variable regions or the constant regions or both, resulting in antibodics that do not naturally
exist within the human antibody germline repertoire i vive.

[06054] “Monoclonal antibody” refers to a population of antibody molecules of a
substantially single molecular composition. A monoclonal antibody composition displavs a
single binding specificity and affinity for a particular epitope, or in a casc of a bispecific
monoclonal antibody, a dual binding specificity to two distinct epitopes. Monoclonal antibody
therefore refers to an antibody population with single amino acid composition in each heavy and
cach light chain, except for possible well known alterations such as removal of C-terminal lysine
from the antibody heavv chain, and processing variations m whach there 18 incomplete cleavage
of the N-terminal leader sequence that is produced in the cell and ordinarily cleaved upon
secretion. For example, US Patent 8241630 describes a commercial antibody in which 5-15% of
the antibody population retain the leader sequence. Monoclonal antibodies may have
heterogeneous glycosylation within the antibody population. Monoclonal antibody may be
monospecttic or multispecific, or monovalent, bivalent or multivalent. A bispecific antibody is
mncladed in the term monoclonal antibody.

[B055] “Epttope” refers to a portion of an antigen to which an antibody specifically
binds. Epitopes usually consist of chemically active (such as polar, non-polar, or hvdrophobic)
surface groupings of moigties such as amino acids or polysaccharide side chains and can have
specific three-dimensional structural characteristics, as well as specific charge characteristics.
An epitope can be composed of contigucus and/or discontignous amino acids that form a

conformational spatial unit. For a discontiguous epitope, amino acids from differing portions of
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the linear sequence of the antigen come in close proximity in 3-dimensional space through the
folding of the protein molecule.

[0056] “Varant” reters to a polypeptide or a polynucieotide that differs from a
reference polypeptide or a reference polynucieotide by one or more modifications for example,
substitutions, insertions, or deletions.

(80587} The phrase “immunospecifically binds” refers to the ability of the disclosed
human antibody molecules to preferentially bind to its target (CXCR2 in the case of “anti-
CXCR2 antibody) without preferentially binding other molecules of the CXCR family in a
sample containing a mixed population of molecules. Human antibody molecules that
immunospecifically bind CXCRZ are substantially free of other antibodies having different
antigenic specificitics (¢.g., an anti-CXCR2 antibody 1s substantially free of antibodies that
specifically bind antigens other than CXCR2). Antibody molecules that immunospecifically
bind human CXCR2, however, can have cross-reactivity to other antigens, such as orthologs of
human CXCRZ, including Macaca fascicuiaris (cvnomolgus monkey) CXCR2. The antibody
molecules disclosed herein are able to immunospecifically bind both naturally produced human
CXCR2 and to human CXCR2 which is recombinantly produced in mammalian or prokaryotic
cells.

[6638] As used herein, “severe, sustained neutropemia” refers to an absolute peripheral
blood neutrophil count (ANC) less than 0.4 x 10% cells/L for greater than 2 weeks. Severe,
sustained neutropenia can be graded as follows:

e Grade 1 indicates a mild event {0.8 - 1.0 x 10° cells/L)

e (rade 2 indicates a moderate event (0.6 - 0.8 x 107 cells/L)

e Grade 3 indicates a severe event {0.4 - 0.6 x 107 cells/L)

e Grade 4 indicates a potentially life threatening event (less than 0.4 x 10° cells/L)
{(See Division of AIDS (DAIDS) National Institute of Allergy and Infectious Discases National
Institutes of Health US Department of Health and Human Services Table for Grading the
Severity of Adalt and Pediatric Adverse Hvents, Version 2.0 November 2014},

10059]  The following abbreviations are used herein: variable heavy chain (VH);
variable light chain (VL); complementarity-determining region (CDR); heavy chain CDR
(HCDR); light chain CDR (LLCDR); CXC chemokine receptor 2 ({CXCR2); and chemokine
ligand 1,2,3,5,6,7, and 8 (CXCL1, 2,3, 3,6, 7, and 8).

[8068] The disclosed antibody molecules can comprise one or more substitutions,
deletions, or msertions, in the framework and/or constant regions. In some embodiments, an

IgG4 antibody molecule can comprise a S228P substitution. S228 (residue numbering according
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to EU index} is located i the hinge region of the 18G4 antibody molecule. Substitution of the
serine (*57) to a proline ("P7) serves to stabilize the hinge of the 1gG4 and prevent Fab arm
exchange i vifro and in vivo. In some embodiments, the antibody molecules can comprise one
or more modifications which increase the i vive half-life of the antibody molecules. For
instance in certaim embodiments the anttbody can comprise a M252Y substitution, a $2547
substitution, and a T256F substitution {collectively referred to as the “YTE” substitution). M232,
8254, and T256 (residuc numbering according to EU mdex) are located i in the CH2 domain of
the heavy chain. Substitution of these residues to tyrosine (“Y7), threonime (“T7), and glutamate
(“E7}, respectively, protects the antibody molecules from lysosomal degradation, thereby
enhancing the serum half-life of the antibody molecules. In some embodiments, the antibody
molecules can comprise a deletion of the heavy cham C-terminal lysine residue. Deletion of the
heavy chain C-terminal lvsine residue reduces heterogeneity of the antibody molecules when
produced by mammalian cells. In some embodiments, the antibody molecules can comprise a
combination of substitutions, deletions, or insertions. For example, in some aspects, the disclosed
antibody molecules can comprise a S228P substitution and a deletion of a heavy chain C-
terminal lvsine residue. Antibody constant regions of different classes are known to be involved
in modulating antibody effector functions such as antibody-dependent cellular cytotoxicity
(ADCQ), complement-dependent cytotoxicity (CDC), and antibodv dependent phagocyiosis
{ADP). In some embodiments the disclosed antibody molecules may comprise one or more
substitutions, deletions, or insertions in the constant regions which modulate one or more
antibody effector functions, such as reducing or ablating one or more etfector functions. Other
alterations that affect antibody effector functions and circulation half-life are known. See, e.g.
Saunders KO “Conceptoal Approaches to Modulating Antibody Effector Functions and

Circulation Half-Life” #Front. Immunol {2019} 10:1296.

Human Antibody Molecules

{6061} Disclosed herein are human antibody molecules that immunospecifically bind to
human CXCRZ. The human antibody molecules can comprise the heavy chain CDRI, CDR2,
and CDR3 of SEQ 1D NO: 167 and the light chain CDR1, CDR2, and CDR3 of SEQ 1D NO:
168 and mhibit activation of CXCR2 by CXCL1 or CXCL5. As provided in Table 19 and FIG.
4A and 4B, SEQ ID NOS: 167 and 168 represent a consensus heavy chain variable region and
light chain variable region, respectively (SEQ ID NO: 167 = “consensus VH” and SEQ D NO:
168 = “consensus VL”}, of the disclosed human antibody molecules. Consensus CDR sequences

are provided as SEQ ID NOs: 169, 170, 171, 172, 173, and 174, The numbering in the names of
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the disclosed CDR socquences, unless otherwise noted, 1s according to Kabat. In some
embodiments, the human antibody molecules can comprise:

the heavy chain CDRI comprising the amino acid sequence of SX:1X2X38 wherein: X1 is
S,QGHL W oY, XsisTorAand Xsis M, Q, D, H, or W as provided in SEQ ID NQG: 169;

the heavy chain CDR2 comprising the amino acid sequence of
AXSX XK XRXSTYYADSYVKG wherein: XaislorH; XsisGor D, Xeis R, S, 0r Q. X7 is Gor
D; and Xs1s N or S as provided in SEQ 1D NG 170;

the heavy chaim CDR3 comprising the amino acid sequence of QX16X11Xuz wherein: Xuo
isM,A, Qor K, X isGorBrand X218 Y, 8, or K as provided in SEQ 1D NG: 171;

the light chain CDR1I comprising the amino acid sequence of IGTSSDVGGYNYVS as
provided m SEQ D NQ: 172;

the light chain CDR2 comprising the amino actd sequence of Xi3VX14X1sX16PS wherein:
XinisBEor D Xuais N, D, or 8; Xos s K, A, D, or H: and Xie 1s R or Q as provided in SEQ ID
NG: 173; and

the hght chain CDR3 comprising the amino acid sequence of SSX17AGX sNX 10FGX0
wherein: Xovis Yor A Xasis N A S, KL W, oorY; XooisN, QD H K L, orY; and Xoo is
Y, A, or Kas provided in SEQ 1D NOG: 174,

10062} The human antibody molecules can comprise the heavy chain CDRI, CDR2,
and CDR3 of SEQ ID NO: 226 and the light chain CDRI, CDR2, and CDR3 of SEQ 1D NO:
227. Asprovided in Table 19 and FIG. 5A and 5B, SEQ 1D NO: 226 and 227 represent a
consensus heavy chain variable region and light chain variable region, respectively (SEQ 1D NO:
226 = “consensus VH” and SEQ 1D NO: 227 = “consensus VL), of the disclosed human
antibody molecules. Consensus CDR sequences are provided as SEQ 1D NOGs: 228, 229, 230,
201, 231, and 232. In some embodiments, the human antibody molecules can comprise:

the heavy chain CDR1 comprising the amino acid sequence of SSTX1S wherein Xz1 is
M or § as provided in SEQ ID NG: 228;

the heavy chain CDR2 comprising the amino acid sequence of
AISGXnGXuXos TYYADSVKG wherein: Xz is Ror S; XogisRor G and XosisNor S as
provided m SEQ ID NG: 229;

the heavy chaim CDR3 comprising the amino acid sequence of QX2sGY wherein: Xog is
M, K, or A as provided in SEQ ID NO: 230;

the light chain CDRI comprising the amino acid sequence of IGTSSDVGGYNY VS as
provided m SEQ 1D NG: 201,

-15-
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the hight chain CDR2 comprising the amino acid sequence of EVX30KRPS wheremn: Xso
is Nor § as provided in SEQ ID NG: 231; and

the light chain CDR3 comprising the anuno acid sequence of SSYAGX5 NNEFGY
wherein: Xs3; 1 N or 8 as provided in SEQ ID NG: 232

[8063] The disclosed human antibody molecules can comprise a combination of the
heavy chain and light chain CDRs provided in Table |, In some embodiments, for example, the
human antibody molccule can comprise a heavy chain CDR1 comprising the amino acid
sequence of any one of SEQ 1D NQs: 175-185, a heavy chain CDR2 comprising the amino acid
sequence of any one of SEQ 1D NDs: 186-192, a heavy chain CPR3 comprising the amino acid
sequence of any one of SEQ 1D NOs: 194-200, a hight chain CDR1 comprising the amino acid
sequence of SEQ 1D NO: 201, a light cham CDR2 comprising the amino acid sequence of any
one of SEQ ID NQOs: 202-209, and a light chain CDR3 comprising the amino acid seqaence of
any one of SEQ 1D NOs: 210-225.

Table 1. Heavy chain and light chain CDR sequences

Auntibedy chain with
subistitution(s) identified by DR CDR2 CDR3

Kabat position

SEQ ID NO:

HC Variable Regions

4A8 VH 8320 SEQ I NG 176 SEQ IDNG: 186 SEQID NG: 194
SEQ ID NO: 53

4A8 VH 832H SEQID NG: 177 SEQ ID NO: 186 SEQ D NO: 194
SEQ ID NO: 54

4A% VH S32L SEQID NGO 178 SEQ ID NO: 186 SEQID NO: 194
SEQ 1D NO: 55

4A8 VH S32W SEQIDNO: 179 SEQ IDNO: 186 SEQID NO: 194
SEQ ID NO: 56

4A8 VH 832Y SEQ D NQO: 180 SEQ ID NG: 186 SEQ D NG: 194
SEQ ID NO: 57

4A8 VH T33A SEQ ID NO: 181 SEQ ID NO: 186 SEQ ID NO: 194
SEQ I3 NO: 58

4A8 VH M34Q SEQ D NO: 182 SEQ D NOG: 186 SEQID NOG: 194
SEQ 1D NO: 59

4A8 VH M34D SEQ NG 183 SEQ I NG: 186 SEQID NG: 194
SEQ ID NO: 60

4A8 VH M34H SEQ ID NO: 184 SEQ ID NO: 186 SEQID NO: 194
SEQ ID NO: 61
4A8 VH M34W SECG ID NO: 185 SEQ D NO: 186 SEQID NOG: 194
SEQ ID NO: 62

4A8 VHISIH SEQIDNO: 175 SEQ ID NO: 187 SEQID NO: 194
SEQ ID NO: 63
4A8 VH G52aD SEQ 1D NG 175 SEQ 1D NO: 188 SEQ ID NG 194




WO 2020/028479

PCT/US2019/044314

SEQ 1D NO: 64

4A8 VH R538 SEQID NO: 175 SEQ ID NO- 189 SEQ 1D NO: 194
SEQ ID NO: 65
4A8 VHR33Q SEQID NO: 175 SEQ ID NO- 190 SEQ ID NO- 194
SEQ ID NO: 66
1A% VH G54D SEQ ID NO: 175 SEQ ID NO: 191 SEQ ID NO: 194
SEQ 1D NO: 67
4A8 VH N368 SEQ D NO: 175 SEQ ID NO: 192 SEQ 1D NO- 194
SEQ ID NO: 68
4A8 VH M96A SEQID NO: 175 SEQID NO. 186 SEQ ID NO: 195
SEQ ID NO: 70
4A8 VH M960Q SEQID NO: 175 SEQ ID NO: 186 SEQ ID NO: 19

SEQ 1B NO: 71

4A8 VH M96K SEQ ID NO: 173 SEQ ID NO: 186 SEQ ID NO: 197
SEQ ID NO: 72
4AS VH GI0ID SEQID NO: 175 SEQID NO- 186 SEQ 1D NO: 198

SEQ ID NG: 73

TA8 VH Y1025 SEQID NO: 175 SEQ 1D NO: 186 SEQ ID NO- 199
SEQ ID NO: 74
4A% VH Y102K SEQ ID NO: 175 SEQ 1D NO: 186 SEQ ID NO: 200
SEQ ID NO: 75
4A8 VH M34Q, N56S SEQ D NO: 182 SEQ 1D NO: 192 SEQ 1D NO: 194
{SEQ ID NO: 98)
4A8 VH M34Q, A40P. SEQ ID NO: 182 SEQ ID NO: 192 SEQ ID NO: 194
N568
(SEQ ID NO: 99)
4A% VH M340Q, A40P, SEQ ID NO: 182 SEQ ID NO: 192 SEQ ID NO: 194
N56S, R75K
(SEQ ID NO: 100)
FA VH M340), A40P, SEQ 1D NO: 182 SEQ D NO- 192 SEQ 1D NO: 197
N56S, MOGK
(SEQ ID NO: 101
4A8 VH M34Q, A40P, SEQ ID NO: 182 SEQID NO: 192 SEQ ID NO- 197
N3§68, R75K, MI6K
(SEQ ID NO: 102)
4A% VH M340Q, A40P, SEQ ID NO: 182 SEQ ID NO: 192 SEQ ID NO: 197
N368, R75K, 194K, M96K
(SEQ ID NO: 103)
4A8 VH M34Q), A40P, SEQ ID NO: 182 SEQ [D NO: 192 SEQ ID NO: 197
N368, 194K, M96K.
(SEQ ID NO: 104)
4A8 VH M34Q, N56S, SEQ ID NO: 182 SEQ 1D NO: 192 SEQ ID NO: 197

MK
(SEQ ID NO: 103)

4A8 VH M34Q, N368,
R75K, M96K
(SEQ ID NO: 106)

SEQID NO: 182

SEQ ID NO:

SEQ ID NO: 197

4AB VH 194K, MOGK SEQ ID NO: 173 SEQ (D NO: 186 SEQ ID NO: 197
(SEQ ID NO: 107)
4A8 VH M34Q, A40P. SEQIDNO: 182 SEQID NO: 192 SEQ ID NO: 195

N368, R75K, MOGA
(SEQ ID NO: 108)

LC Variable Regions

4A8 VL E30D

SEQ D NG: 201 |

SEQ 1D NO-.

203

SEQ ID NQC: 210
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SEQ ID NO: 76
£A8 VL N52D SEQ ID NO: 201 SEQ ID NO- 204 SEQ ID NO: 210
SEQ ID NO: 77
1AS VL N328 SEQ ID NO: 201 SEQ ID NO: 205 SEQ ID NO- 210
SEQ ID NO: 78
IAS VL K33A SEQ ID NO: 201 SEQ ID NO: 206 SEQ ID NO: 210
SEQ 1D NO: 79
FAS VL K53D SEQ D NO: 201 SEQ ID NO: 207 SEQ 1D NO- 210
SEQ ID NO: 80
4AR VL K53H SEQ ID NO: 201 SEQ ID NG 208 SEQID NG 210
SEQ ID NO: 81
4A8 VL R540 SEQ ID NO: 201 SEQ ID NO: 209 SEQ ID NO: 210
SEQ ID NO: 82
FAS VL Y91A SEQ ID NO: 201 SEQ ID NO: 202 SEQ ID NO: 211
SEQ ID NO: 83
£A8 VL NU4A SEQ ID NO: 201 SEQ 1D NO: 202 SEQ ID NO: 212
SEQ 1D NO: 84
TAS VL N9as SEQ D NO: 201 SEQ 1D NO- 202 SEQ ID NO: 213
SEQ ID NO: 85
IAS VL N9JIK SEQ ID NO: 201 SEQ 1D NO: 202 SEQID NO: 214
SEQ 1D NO: 86
4A8 VL N94L SEQ [D NO: 201 SEQ 1D NO: 202 SEQ 1D NO: 215
SEQ ID NO: 87
4AS VL N94W SEQ ID NO: 201 SEQ ID NO- 202 SEQ ID NO: 216
SEQ ID NO: 88
TAS VL N9IY SEQ ID NO: 201 SEQ ID NO: 202 SEQ ID NO: 217
SEQ ID NO: 89
JAS VL N95aQ SEQ ID NO: 201 SEQ ID NO: 202 SEQ ID NO: 218
SEQ 1D NO: 90
4A8 VL N93aD SEQ ID NO: 201 SEQ 1D NO: 202 SEQ ID NO: 219
SEQ ID NO: 91
1A% VL N93aH SEQ 1D NO: 201 SEQ 1D NO: 202 SEQ ID NO: 220
SEQ ID NO: 92
JAS VL N95aK. SEQ ID NO: 201 SEQ D NO: 202 SEQ ID NO: 221
SEQ 1D NO: 93
4A8 VL NOSaL SEQ D NO: 201 SEQ 1D NO: 202 SEQ 1D NO: 222
SEQ 1D NO: 94
4A8 VL N93aY SEQ ID NO: 201 SEQ 1D NO: 202 SEQ ID NO: 223
SEQ ID NO: 95
FAS VL V9TA SEQ ID NO: 201 SEQ ID NO: 202 SEQ ID NO: 224
SEQ ID NO: 96
4A8 VL V97K SEQ ID NO: 201 SEQ ID NO: 202 SEQ ID NO: 225
SEQ ID NO: 97
4A% VL N52S, N94S SEQ ID NO: 201 SEQ ID NO: 203 SEQ ID NO: 213
(SEQ ID NO: 109)
4AS VL D41G, N528, N94S | SEQ ID NO: 201 SEQ 1D NO- 205 SEQ ID NO: 213
(SEQ ID NO: 110)

Residue posttions of substitutions defined according to Kabat.

[8064] In some aspects, the haman antibody molecule can comprise:
a heavy chain CDR1, CDRZ, and CDR3 of:
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

176, SEQ ID NO:
177, SEQ ID NO:
178, SEQ ID NO:
179, SEQ ID NO:
180, SEQ ID NO:
181, SEQ ID NO:
182, SEQ ID NO:-
183, SEQ ID NO:
184, SEQ ID NO:
185, SEQ 1D NO:
175, SEQ ID NO:
175, SEQ ID NO:
175. SEQ ID NO:
175, SEQ ID NO:
175, SEQ ID NO:
175, SEQ ID NO:
175, SEQ ID NO:
175, SEQ ID NO:
175, SEQ ID NO:
175. SEQ ID NO:

185,
186,
186,
156,
186
146,
186,
186,
186,
186,
157,
188
189,
190,
191,

192

>

>

186,
186,
186,
186,

and SEQ ID NO:
and SEQ ID NO:
and SEQ ID NO:
and SEQ ID NG:
and SEQ ID NG:
and SEQ ID NO:
and SEQ ID NO:

and SEQ ID NG: |

and SEQ ID NO:
and SEQ 1D NG:
and SEQ ID NG:
and SEQ ID NG:
and SEQ ID NO:
and SEQ ID NO:
and SEQ ID NO:

, and SEQ ID NO:

and SEQ ID NO:
and SEQ ID NO:
and SEQ ID NO:
and SEQ ID NO:

PCT/US2019/044314

194, respectively;
194, respectively,
194, respectively;
194, respectively;
194, respectively;
194, respectively;
194, respectively;
194, respectively,;
194, respectively;
194, respectively;
194, respectively;
194, reapectively;
194, respectively;
194, respectively:
194, respectively;
194, respectively,
195, respectively;
196, respectively;
197, respectively;
198, respectively;

SEQID NO: 175, SEQ ID NO: 186, and SEQ ID NO:
SEQID NO: 175, SEQ ID NQ: 186, and SEQ 1D NO:
a light chain CDR1, CDR2, and CDR3 of SEQ ID NO: 201, SEQ D NGO 202, and SEQ

199, respectively; or

200, respectivelv; and

ID NO: 210, respectively.
[60663]

a heavy chain CDRI, CDR2, and CDR3 of SEQ ID NG: 175, SEQ 1D NO: 186, and SEQ

ID NO: 194, respectively, and
a light chain CDR1, CDR2, and CDR3 of!

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

201, SEQ ID NO:
201, SEQ ID NO:
201, SEQ ID NO:
201, SEQ 1D NO:
201, SEQ ID NO:
201, SEQ ID NO:

203,

206,
207,
208,

- 19 .

and SEQ 1D NO:

i, and SEQ ID NO:
5, and SEQ 1D NO:

and SEQ ID NO:
and SEQ ID NG:
and SEQ ID NG

In some aspects, the human antibody molecule can comprise:

210, respectively;
210, respectively;
210, respectively;
2190, respectively;
210, respectively;

210, respectively;
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[0066)

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

201, SEQ ID NO:
201, SEQ ID NO:
201, SEQ ID NO:
201, SEQ ID NO:
201, SEQ ID NO:
201, SEQ D NO:
201, SEQ 1D NO:
201, SEQ ID NO:
201, SEQ ID NO:
201, SEQ ID NO:
201, SEQ 1D NO:
201, SEQ ID NO:
201, SEQ 1D NO:
201, SEQ ID NO:
201, SEQ ID NO:
201, SEQ ID NO:

209, and SEQ ID NO

202, and SEQ ID NG:
202, and SEQ 1D NG
202, and SEQ ID NO:
202, and SEQ ID NGO
202, and SEQ ID NO:
202, and SEQ ID NO:
202, and SEQ ID NO:
202, and SEQ ID NO:
202, and SEQ ID NO:
202, and SEQ ID NG:
2(2, and SEQ ID NG:
202, and SEQ ID NO:
202, and SEQ ID NO:
202, and SEQ ID NO:
202, and SEQ ID NG:

PCT/US2019/044314

: 219, respectively,
211, respectively;
212, respectively;
213, respectively;
214, respectively;
215, respactively,;
216, respectively;
217, respectively;
218, respectively;
219, respectively;
220, respectively;
221, reapectively;
222, respactively;
223, respectively:
224, vespectively; or

225, respectively.

in some aspects, the human antibody molecule can comprise:

a heavy chain CDRIL, CDRZ, and CDR3 of:
SEQ ID NO: 182, SEG ID NO: 192, and SEQ ID NG: 194, respectively;

SEQ ID NO: 182, SEQ D NO: 192, and SEQ ID NO: 197, respectively;
SEQID NO: 175, SEQ ID NO: 186, and SEQ ID NO: 197, respectively; or
SEQID NO: 182, SEQ ID NO: 192, and SEQ ID NOG: 195, respectively; and

a light chain CDR1, CDR2, and CDR3 of SEQ ID NO: 201, SEQ D NGO 203, and SEQ

ID NO: 213, respectively.
16067} The human antibody molecules can comprise the heavy chain CDRI comprising
the amino acid sequence of SEQ 1D NO: 182, the heavy chain CDR2 comprising the amino acid
sequence of SEG 1D NG: 192, the heavy chain CDR3 comprising the amino acid sequence of
SEQ ID NO: 195, the kight chain CDR1 comprising the amino acid sequence of SEQ 1D NOG:
201, the light chain CDRZ compnising the amino acid sequence of SEQ ID NO: 205, and the
light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 213,
10068}  As provided in Table 19 and FIG. 4A and 4B, SEQ 1D NO: 167 and 168
represent a consensus heavy chain variable region and light chain variable region, respectively
(SEQ ID NG: 167 = “consensus VH ™ and SEQ 1D NO: 168 = “consensus VL), of the disclosed

human antibody molecules. Thus, the disclosed human antibody molecules can comprise the
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heavy chain vanable region comprising the anuno acid sequence of

VIVSS wherei: Xa 58S, G H L W or V. XoisTor A X is M, QD H, or W XyisTor H;
XsisGorD Xeis R S, 0r 3 X7isGor D XsisNorS; Xotsfor K, Xeis M, A, QL or K, Xu
isGorD;and Xs218Y, 8, or K as provided in SEQ ID NO: 167 and the light chain variable

region comprising the anuno acid sequence of
QSALTQPPSASGSPGOSVTISCIGTSSDVGOYNYVSWY QQHPDRAPKLMIY X1V X4 XX
16PSGVPDRFSGSKSGNTASLTVSGLOQAEDEADYYCSSX vAGX sNX oFGXooFGGGTKLT
Ve wherein: XonisEor D XusisN, D or S, Xis s KA, D oor H Xisis Ror G, Xinis Y or A
Xigts N, A, S, KL W or YV XwisN, QD H K Loor Y, and X20is V, A, or K as provided in
SEQ ID NQO: 168. The underlined residues represent the consensus CDRs as disclosed above.

[0069] The human antibody molecules can comprise the heavy chain variable region
comprising the amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFRSSSTX 0 SWVROQXnPGKGLEWVSAISGX0:GX
21X TYYADSVEGRFTISRDNSXee NTLY LOMNSLRAEDTAVY YCAX7Q20sGYWGQGIL
VTVSS wherein: XnnisMor, XmisAor P, XosisRor §; Xosis Ror G, Xosis N oor 8; Xoe is
RorK; Xa7islor K; and Xaxis M, K, or A as provided in SEQ 1D NO: 226 and the light chain

variable region comprising the amino acid sequence of
QSALTOPPSASGSPGQSVTISCIGTSSDYVGGYNYVEWY QOHPX0KAPKEMIYEYV X30KRP

SGVPDRFSGSKSGNTASLTVSGLOAEDEADYYCSSYAGXGNNFGVFGGGTKLTVL
wherein: Xoo 18 B or G X0 1s N or §; and Xz is N or § as provided in SEQ 1D NO: 227, The

underlined residues represent the consensus CDRs as disclosed above.
18676} The human antibody molecules can comprise:

a} the heavy chain vanable region comprising the amino acid sequence of SEQ ID
NGO 98 and the light cham vanable region comprising the amino acid sequence of
SEQID NO: 109 0r 110;

by the heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 99 and the hight chain variable region comprising the amino acid sequence of
SEQIDNO: 109 or 110;

¢} the heavy chain variable region comprising the amino acid sequence of SEQ ID
NQO: 100 and the hight chain vaniable region comprising the amino acid sequence

of SEQ ID NO: 109 or 110;
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h)

1y

the heavy chain variable region comprising the ammo acid sequence of SEQ ID
NO: 101 and the hght chain variable regton comprising the aming acid sequence
of SEQ ID NO: 109 or 110;

the heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 102 and the light chain vanable region comprising the amino acid sequence
of SEQ ID NO: 109 or 110;

the heavy chain variable region comprising the ammo acid sequence of SEQ ID
NO: 103 and the hight chain vanable region comprising the amino acid sequence
of SEQ ID NO: 109 or 110;

the heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 104 and the light chain vanable region comprising the anmumno acid sequence
of SEQ ID NO: 109 or 110;

the heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 103 and the hight chain vanable region comprising the amino acid sequence
of SEQ ID NG: 109 or 110;

the heavy chain varable region comprising the amino acid sequence of SEQ ID
NQ: 106 and the hght chain varniable region comprising the amine acid sequence
of SEQ ID NG 109 or 110;

the heavy chain variable region comprising the amino acid sequence of SEQ ID
NGO 107 and the light chain vanable region comprising the amino acid sequence
of SEQ ID NG: 10901 110;

the heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 108 and the hight chain variable regton comprising the aming acid sequence
of SEQ ID NG 109 or 110;

the heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 162 and the light chain vanable region comprising the amino acid sequence
of SEQ ID NG: 109 0r 110,

m} the heavy chain variable region comprising the amino acid sequence of SEQ ID

NO: 163 and the hight chain vanable region comprising the amino acid sequence
of SEQ ID NO: 109 or 110;

the heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 164 and the light chain variable region comprising the amino acid sequence

of SEQ D NO: 109 or 110;
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o} the heavy chain variable region comprising the ammo acid sequence of SEQ ID
NO: 165 and the hght chain variable regton comprising the aming acid sequence
of SEQ ID NO: 109 or 110; or
p) the heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 166 and the light chain vanable region comprising the amino acid sequence
of SEQ 1D NO: 109 or 110.
[6071] 1o some cmbodiments, the human antibody molecules comprise:
a) the heavy chain vanable region comprising the ammno acid sequence of SEQ ID
NO: 108 and the hight chain variable region comprising the aming acid sequence
of SEQ ID NO: 110
b} the heavy chan variable region comprising the amino acid sequence of SEQ ID
N©O: 162 and the light chain vanable region comprising the amino acid sequence
of SEG 1D NO: 116,
¢} the heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 163 and the hght chain variable region comprising the amino acid sequence
of SEQ ID NQG: 110;
dy the heavy chain variable region comprising the amino acid sequence of SEQ ID
NQ: 164 and the light chain varnable region comprising the anuno acid sequence
of SEGQ ID NO: 116,
g} the heavy chain variable region comprising the amino acid sequence of SEQ 1D
NO: 165 and the hight chain vanable region comprising the amino acid sequence
of SEQID NG: 110; or
f} the heavy chain variable region compnising the amino acid sequence of SEQ ID
NQ: 166 and the hight chain variable region comprising the amino acid sequence
of SEQ ID NO: 110
16072} The human antibody molecules can comprise the heavy chain variable region
comprising the amino acid sequence of SEQ ID NO: 10% and the light chain variable region
comprising the amino acid sequence of SEQ ID NO: 110,
[8873] The disclosed human antibody molecules can comprise a human IgGl, IgG2, or
Ig(4 heavy chain constant region. In some embodiments, the homan antibody molecule
comprises a human 1gG1 heavy chain constant region. Suitable human IgG1 heavy chain constant
regions include, for example, the amino acid sequence of SEQ IDNO: 127 or 124, In some aspects, the
human IgG1 heavy chain constant region compnses the amino acid sequence of SEQIDNGO: 122, In

some aspects, the human IgG1 heavy chain constant region comprises the amino acid sequence of SEQ
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IDNG: 124, In some embodiments, the human antibody molecule comprises a human IgG2 heavy
chain constant region. In some aspects, the human IgG2 heavy chain constant region comprises the
amino acid sequence of SEQ I NO: 120, In some embaodiments, the human antibody molecule
comprises a human IgG4 heavy chain constant region. Suitable human IgG4 heavy chain constant
regions include, for example, the amino acid sequence of SEQ IDNQO: 116 or 118. Insome
embodiments, the huwman 1gG4 heavy chain constant region comprises the aming acid sequence of SEQ
ID NGO 116, In some aspects, the human IgG4 heavy chain constant region comprises the amino acid
sequence of SEQID NO: 118, In some embodiments the human ¢G4 heavy chain constant region
comprises an S228P substitution. In some embodiments the human IgG4 heavy chain constant region
comprises M252Y, 5254T and T256E substitutions. In some embodiments, the 1o(G4 constant region
compnses deletion of the carboxyl<terminal lvsine residue relative to the wild type IgG4.

[0374] The human antibody molecules can comprise a human lambda (A} light chain constant
region or & human kappa () light chain constant region. In some embodiments, the human antibody
nolecule comprises a human fambda 1T (kz) hight chain constant region.

[6875]  The human antibody molecules can comprise a human IgG1 heavy chain
constant region and a human lambda IT hight chain constant region. The human antibody
molecules can comprise a human IgG2 heavy chain constant region and a human lambda I light
chain constant region. The human antibody molecules can comprise a hurman IgG4 heavy chain
constant region and a human lambda I light chain constant region.

{6676} The human antibody molecules can be a full-length antibody or an antigen-
binding fragment thereof. Suitable antigen-binding fragments include, for example, an Fab
fragment, an F{ab), fragment, or a single chain antibody.

The disclosed human antibody molecules selectively antagomize human CXCR2, thereby
inhibiting CXCL1- or CXCL5-induced activation of CXCR2. The disclosed human antibody
molecules may also partially inhibit CXCL8~induced activation of CXCR2. The disclosed buman
antibody molecules may also exhibit one or more of the following properties:

a} mhibit CXCL1-induced calcium flux in an HTS002C - CHEMISCREEN™ human
CXCR2 chemokine receptor calcium-optimized cell Hne with an ICso of 0.8 10 2.4
at a CXCLI concentration of from 1.5 to 3 4uM;

b} not substantially mhibit CXCLE-mmdoced calcium flux in an HTS002C -
CHEMISCREEN™ human CXCR2 chemokine receptor calcium-optimized cell

line;
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¢} inhibit CXCL1 or CXCL3-induced B-arrestin recraitment in a Tango™ cell based
assay with an 1Cso of from 0.08 to 0.5 nM at a concentration of from 1.3-3.4 oM for
CXCLY and from 47.7 to 150 oM for CXCLS; or

d} reduce airway neutrophilia in a subject with airway neutrophilia without causing
severe, sustained neutropenia.

{8077} Pharmaceutical compositions comprising any of the herein disclosed human
antibodv molecules are also provided. In some embodiments, the pharmaceutical compositions
can comprise any of the herein disclosed human antibody molecules in combination with a
pharmaceutically acceptable carmer.

16678} Also provided are nucleic acid molecules encoding any of the herein disclosed
human antibody molecules. Exemplary polvnucieotides which encode a human antibody or
fragment thereof as described herein are provided as SEQ ID NOS: 233-247. Exemplary
polynucleotides which encode human antibody heavy chain constant regions are provided as
SEQ D NOS:248-256.

[B879]  Vectors compnising the herein disclosed nucleic acid molecules are also
disclosed.

10080} Further provided are cells transformed to express any of the herein disclosed

human antibody molecules.

Methods of Treatment and Uses

[6081] CXCR2 antagonists have been the subject of studies, including clinical trials,
for a range of conditions which nvolve pathologies associated with neutrophilic and/or
monocytic inflammation and certain cancers which express CXCR2 or in which there is an
element of neutrophil suppression of an anti-cancer response. Small molecule antagonists of
CXCR2 have, for example, been developed for:

{a) COPD (see, for example, Miller, B. eral, (2017). Late Breaking Abstract — “Daminixan
(GSK 1325756) improves respiratory symptoms and health status in mild to moderate COPD -~
results of a | year first time in patient study.” European Respiratory Journal, 50);

{b) mfluenza (see, for example, study NCT02469298 described on Clinical Tnials gov entitled
"Satety, Tolerability and Clinical Effect of Danirixin in Adults With Influenza”);

{c) bronchiectasis (see, for example, De Soyza et &, (2015) “A randomised, placebo-
controlied study of the CXCR2 antagonist AZDS5069 i bronchiectasis.” Fur Respir J, 46, 1021-

32),
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{(d) cystic fibrosis (see, for example, Moss ef al., (2013). “Safety and early treatment effects
of the CXCR2 antagonist 5B-656933 in patients with cystic fibrosis.” J Cvst Fibros, 12, 241-8};

(¢} severe asthma (see, for example, Nair er al., (2012} “Safety and efficacy of a CXCR2
antagonist in patients with severe asthma and sputum neutrophils: a randomized, placebo-
controlled chinical trial.” Clin Fixp Allergy, 42, 1097-103); and

{f) prostate cancer {see, for example, study number NCT03177187 described on
Clinical Trials. gov entitled “Combination Study of AZD5069 and Enzalutaraide”™).

[0082] Additonally, there is evidence that antagonism of CXCRZ may be beneficial in
chronic upper airway discases such as chronic thinosinusitis {(see, for example, Tomassen ef al. |
(2016} “Inflammatory endotypes of chronic rhinosinusitis based on cluster analysis of
biomarkers.” J Allergy Clin Immunol, 137, 1449-14536 ¢4); in vascular diseases including
ischemia-reperfusion injury (Stadtmann and Zarbock, (2012}, “CXCR2: From Bench to
Bedside.” Front Immunol, 3, 263} and coronary artery discase {see, for example, Joseph er o/,
(2017 “CXCR2 Inhibition - a novel approach to treating Coronary heart Discase (CICADA):
study protocol for a randomised controlled trial.” Trials, 18, 473); m chronic pan (see, for
example, Silva er of., (2017} “CXCLI/CXCRZ signaling in pathological pain: Role in peripheral
and central sensitization.” Neurobiol Dis, 1035, 109-116); in neuroinflammatory conditions (see,
for example, Veenstra and Ransohoff, (2012) “Chemokine receptor CXCRZ: physiclogy
regulator and neuroinflammation controller?” J Neuroimmunol, 246, 1-9) imchuding multiple
sclerosis {see, for example, Pierson ef ol , (2018} “The contribution of neutrophils to UNS
autoimamunity.” Clin /mmunol, 189, 23-28) and Alzheimer’s disease (see, for example, L ef ol
(2014) “Neuroinflammation in Alzheimer's disease: chemokines produced by astrocytes and
chemokine receptors.” Inr J Clin Exp Pathol, 7, §342-55); in aleoholic and non-alcohohic
steatohepatitis (see, for example, French e al., (2017} “The role of the IL-8 signaling pathway in
the wnfiltration of granulocytes into the livers of patients with alcoholic hepatitis.” Fxp Mol
Pathol, 103, 137-140 and Ye ef al., (2016) “Lipocalin-2 mediates non-alcoholic steatohepatitis
by promoting neutrophil-macrophage crosstalk via the induction of CXCR2.” J Heparol, 65,
988-997); in pancreatitis (sec. for example, Stecle er ol , (2015 “CXCR2 inhibition suppresses
acute and chromc pancreatic inflammation.” J Parfiol, 237, 85-97}; in diabetes {see, for example,
Citro er af., (2015) “*CXCR1/2 mhibition blocks and reverses type 1 diabetes in mice.” Diabetes,
64, 1329-40}; and in multiple types of cancer (see, for example, Liu et /., (2016) “The CXCLS-
CXCRI/2 pathways in cancer.” Cytokine Growth Factor Rev, 31, 61-71). Behget's discase is

characterized by neutrophil activation and has also been linked to CXCR2 (QGiao e ol , “"CXCR2
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Expression on neutrophils is upregulated during the relapsing phase of ocular Behceet discase”
Curr Eye Res. 2005, 30: 195-203).

160831  The methods comprise administering to the subject a therapeutically effective
amount of any of the herein disclosed human antibody molecules or the herein disclosed
pharmaceutical compositions to treat or prevent the inflammation condition described heremm. In
some embodiments, the human antibody molecules or phammaceutical compositions comprising
the same are administered in a therapeutically effective amount to treat atrway neutrophilia, as
determined for example by sputum neutrophil counts, or acute hung inflammation. In such
embodiments, the subjects receiving the human antibody molecules or pharmaceutical
compositions comprising the same have airway neutrophilia or acute lung inflammation. In
some embodiments, the human antibody molecules or pharmaceutical compositions compnising
the same arc administered in a therapeutically effective amount to prevent airway neutrophilia or
acute lung inflammation. In such embodiments, the subjects recetving the human antibody
molecules or pharmaceutical compositions comprising the same are at risk of having airtway
neutrophilia or acute lung mflammation due to, for example, genetic predisposition or
environmental factors, or were previously treated for having airway neutrophilia or acute hung
inflammation and are receiving, or are set to receive, therapeutically effective doses of the
disclosed human antibody molecules or pharmaceutical compositions as a maintenance
medication {e.g. to maintain fow levels of fung neutrophils).

{6084} Also provided is the disclosed human antibody molecules or the disclosed
pharmaceutical compositions for use in the prevention or treatment of airway neutrophilia or
acute lung inflaromation, as is the use of any of the disclosed human antibody molecules or any
of the disclosed pharmaceutical compositions in the manuofacture of a medicament for the
prevention or treatment of nevtrophilia in a peripheral tissue, atrway neutrophilia or acute or
chronic lung nflanuvation.

(6685} The airway neutrophilia, acute lung inflammation, or both can be chronic
obstructive pulmonary disease, severe neutrophilic asthma, or both.

[6086] 1o at least one experimental model, the antibodics described herein have been
observed to inhubit the migration of cosinophils into tung in response to mflammatory stimuli,
Accordmgly, the antibodies are useful for treating imflaramatory diseases charactenized by
cosinophilia, such as cosinophilic asthma, allergic rhinitis, skin conditions, fungal and parasitic
infections, autormmune diseases (such as inflammatory bowel diseases, neuromvelitis optica,

bullous pemplugoid, autoimmune myocarditis, primary biliary cirrhosis, eosinophilic
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granulomatosis with polyangiifis (Churg-Strauss syndrome), some cancers, and bone marrow
disorders.

160871  Without being bound by theory, the ability of the present CXCR2 antibodics to
block cosinophilic migration into the fungs 1s surprising because cosinophils lack the CXCR2
receptor. For inflammatory cells to migrate into a site, they must first cross through the lining of
the blood vessels, which are made up of endothelial cells, which are known to express CXCR2.
Accordingly, the antibodies are further able to tnbubit cell nugration through effects on the
endothelial cells.

[B088] The ability to affect endothelial cells also indicates that the present antibodies
may be able to affect angiogenesis and metastasts, which is important in cancer. Accordingly,

provided herein 15 a method for the treatment of cancer.

EXAMPLES
[0685] The following examples arc provided to further describe some of the
embodiments disclosed hercin. The examples are intended to illustrate, not to limit, the

disclosed embodiments.

General Methods

Generation of plasmids for antibody production

[6096] Variable region amuno acid sequences were backtranslated into DNA sequences
prior to synthesis of the resulting BDNA de novo. Synthesized heavy chain variable region genes
were subcloned into an expression vector containing a polynucieotide sequence encoding a
human Ig(G4 constant region comprising the core hinge stabilizing substitution S228P (SEQ 1D
NO: 118). Synthesized lambda light chamm variable region genes were subcloned into an
expression vector containing a polynucleotide sequence encoding the human lambda light chain
constant region amino acid sequence (SEQ ID NO: 134). Synthesized kappa light chain variable
region genes were subcloned mto an expression vector containing a polyoucleotide sequence

encoding the human kappa light chain constant region amino acid sequence (SEGQ 1D NG: 135).

Transient expression of antibodies using the Expi?93F ™ system

10091}  Antibodies were produced by co-transfecting antibody heavy and light plasmids
into ExpiZ293™ cells (Life Technologies). For cach 20 mL transfection, 3.6 x 107 cells were
required in 20 mL of Expi293™ Expression Medium. Transfections were carried out using

T,

ExpiFectamine™ 293 Reagent according to manufactarer’s instructions.

-8 .
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[0892]  Antibodies were harvested by centrifugation (3000 x g for 20 minutes) between
72 hours and 84 hours post-transfection. Unless indicated otherwise, all antibodies were

produced as human 1g(G4 incorporating the hinge stabilizing substitution S228P.

Purification and buffer exchange of antibodies

[606%3] Anubodies were purified from harvested matenial from transient transfections
using protein A resin (MabSelect™ SuRe™, GE Healthcare) according to mamufacturer’s
instructions.

[0094] Following clution, antibodics were buffer exchanged from citric acid nto
Sorensen’s PBS, pH 5.8 (89.5 mM KHaPQs, 7.3 mM Na:HPO4.2H:0, 150 raM NaCl} using PD-
10 desalting columns (52-1308-00 BB, GE Healthcare) containing 8.3 mL of Sephadex™ G-25

Resin.

Transient transfection of CXCR family members mto Expi293F™ cells

[0695] ExpiZ93F™ cells (Life Technologies) were transiently transfected, using the
commercially available mammalian expression vector pTT3 {Durocher, 2002) containing a
polynuclectide encoding either: human CXCR1 (SEQ 1D NO: 133); human CXCRZ (SEQ 1D
NO: 125); human CXCR3 (SEQ ID NG: 128); human CXCR4 (SEQ ID NO: 129); human
CXCRS (SEQ ID NO: 130); buman CXCR6 (SEQ 1D NO: 131); human CXCR7 (SEQ D NO:
132}; or cvnomolgus monkey CXCR2 (SEQ ID NO: 127).

[0096] For cach 10 mL transtection, lipid-DNA complexes were prepared by diluting
10 pg of plasmid DNA in Opti-MEM™ I Reduced Serum Medium {Cat. no. 31985-062) to a total
volume of 1.0 mL. 54 ul. of ExpiFectamine™ 293 Reagent was diluted in Opti-MEM™ [ medium
to a total vohume of 1.0 mL. Transfections were carried out according to manufacturer’s
mstructions. The cells were meubated ina 37 °C incubator with a hunudified atmosphere of 8%
COn m air on an orbital shaker rotating at 200 rpm. Approximately 18-24 hours post-

transfection, the cell viability was evaluated and transfected cells harvested for use.

Flow cvtometry binding assavs using transiently transfected Expi293F ™ cells

186977  Harvested cells were resuspended in FACS buffer (Ix PBS + 0.5% (w/v) bovine
serum albumin (BSA) + 2 mM EDTA pH 7.2). Approximately 2 x 10° cells were added per well
in a 96-well round-botiomed plate. Cells were pelleted by centrifugation at 400g for 5 mins at 4
°C and supernatants discarded. 25 gL of each test antibody or control antibody was added to the
cells and incubated for 30 minutes at 4 °C. Cells were washed twice i 100 ul. FACS buffer

followed by centrifugation at 400g for 5 mins at 4 °C.

-20 .
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[6098]  For detection, 50 pl. of secondary antibody (Table 2} was added to relevant
samples. Commercially available antibodies that bound to transfected CXCR family members
were used as positive controls to ensure that the cells were expressing the receptors. Cells were
washed twice in 200 pl. of FACS buffer followed by centrifugation at 400g for 5 mins at 4 °C.

Betore sample acquisition, cells were resuspended in 100 pL of FACS buffer. Samples were

™

acquired using the high throughput sampler on a FACSCanto™™ 11 eytometer (Beckton-

Dickinson).
Table 2. Reagents used for flow cytomeiry analysis
Reagents Catalogue Manufacturer Recommended
Mumber Supplier final dihutions
Anti-humas CXCRI-FITC FAB330F R&D Systems 1in 10
Anti-buman CXCRZ-FITC 551126 BD Biosciences tin$
Agti-hsas CXCR3-FITC 358047 BD Biosciences 1in 10
Anti-hurmnag CXCR4-FITC 561735 BD Bioscicnces 1in 10
Anti-human CXCR3-FITC 558112 BD Biosciences 1in 10
Anti-human CXCR6-PE 356004 BioLegend 11in 20
Anti-human CXCR7-PE 331104 Bio Legend 1in20
Human {gG4, kappa {isotype 14639-1IMG Sigma-Aldrich 10ug/mi.
control)
Anti-human 1gG Fe specific- F9512-2ML Sigma-Aldrich 1in200
FITC
Amnti-Human Ig light chain & 316610 BioLegend 1in20
Antibody - APC
Anti-human CXCR2-APC 320716 BioLegend 1in20
Axnti-human CXCR2-Alexa FAB331IR-100 R&D Systems 1in 20
Fhior " 647
Anti-human CXCR2 555932 BD Biosciences
Anti-huraan CXCR2 MAB331 R&D Systems
TAAD 559928 BD Biosciences 110 50

Human CXCR2 cell-based

[0099]

poteney assay

Tango™ CXCR2 cell-based assay: The commercially available reporter cell

line Tango™ CXCR2-blx U208 was used to assess the ability of antibodies to inhibit CXCR2

activation by CXCL8 and CXCL1 (ThermoFisher Scientific, Australia). Cells were thawed,

propagated, cultured and frozen according to the manufacturer’s directions.

-30 -
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[0100] Preparation of Tango™ CXCR2-bla U20S cells for use in cell-based assays:
The mamufacturer’s protocol was altered to make use of 96-well plates instead of 384-well
plates. Briefly, dividing cells were harvested one day prior to use. Cells were harvested and
resuspended m assay medium {(100% FreeStyle™ Expression Medium; Life Technologies;
Cat#12338-018) at a viable cell density of 312,500 cells/mL. 128 pL of cell suspension was
added per well in 96-well black-walled, clear bottom tissue culture-treated plates. Cells were
incubated for 16-20 hrs at 37 °C in an atmosphere of 3% COq prior to use in assays.

[0101] Tango™ assay procedure: Assays were set up and run as described in the
manufacturer’s protocol. The agomists used in both agonist and antagonist potency assays are
provided i Table 3. For antagonist assays, agonists were used at concentrations in the ECse-
ECro range. Assays were read using a FlexStation® 3 {Molecular Devices) fluorescence plate
reader configured with the parameters given in Table 4. The bluc/green emission ratio for cach
well was calculated by dividing the blue emission values by the grecn enussion values. All
inhibition curves were fitted using a four-parameter dose-response using GraphPad Prism™

{Version 7.01).

Table 3.  Agonists used in cell based potency assays

Tango™ Assay Calcium Flux Assay
i Catalogue ECs (niD ECso (nVD)
Agonist | Manufacturer Number Mean Range Mean Range
CXCL1 | Miltenvi Biotec §| 130-108-974 23 1.5-34 262 0.7-67
CXCL2 | R&D Systems 276-GB 333 15-45.7 37.02 m‘gg?m
CXCL3 | R&D Systems 277-GG IR 6.0-227 12.25 10-18
CXCL3 | R&D Systems 254-XB 97.7 47.7 - 150 39.17 1063205
CXCL6 | R&D Systems 333-GC 9.4 56-124 28.94 26.8-32.4
CXCL7 i R&D Systems 393-NP 39.6 153-77.2 714 53-9
CXCL8 | Miltenyi Biotec 130-108-979 2.2 1.6-40 32 4.9-6.5

Table 4. Flexstation™ 3 fluorescence plate reader settings

Scan 1 (Blue) Scan 2 (Green}
Excitation Filter 409/20 nm 409/20 nm
Emission Filter 460/40 i 330/30 num

-31 -
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Peripheral blood preparations

[0102] Whole human buffy coat, PBMC ennched fractions prepared from human
peripheral blood buffy coat or cynomolgus monkey whole blood was used for analysis of
antibody binding activity by flow cytometry. Brefly, blood was untreated or dituted 111 in sterile
filtered room temperature phosphate-buffered saline (PBS). 30 mL samples were lavered over 15
ml Lymphoprep™ (Stemn Cell Technologies, cat# 07851). Peripheral blood mononuclear cells
(PBMC) were enriched by room temperature centrifugation at 700g for 30 nunutes with no
braking. The PBMC layer was isolated and cells washed in PBS containing 2 mM EDTA with
low speed centrifugation at 200g, to remove platelet contamination. Whole blood or PBMC
enriched cell fractions were resuspended in red blood cell lysing solution (BioLegend, 420301}
Viable cell counts were determined and cells resuspended at 1 x 107 cells per mL in FACS buffer
(1x PBS +0.5% {(w/v) BSA + 2 mM EDTA pH 7.2).

[0103] Fliow cytometry binding assavs using whole blood or PBMC enriched
preparations: Binding assays to detect CXCR2 on blood neutrophil populations using test
antibodies were performed essentially as described for assays using transiently transfected
ExpiZ93F™ cells. Binding of antibodies to human CXCR2 on the surface of the neutrophils was
measured using anti-CXCR2 antibody directly conjugated to the flucrophore allophycocyanin
(APC). Matched isotype conirol antibodies were included for comparison. Cells were incubated
with hneage specific antibodies and 2 yg/mi of APC conjugated anti-CXCR2 antibody or isotype
control prepared in ice cold 3% BSA/PEBS for a nuntmum of 30 minutes at 4 °C. The commercial
anti-CXCRZ antibody (clone 48331 (R&D Systems FAB331A)) was used as a positive control.
Newtrophil populations were identified by characteristic granularity and size, and positive
binding of commercially available antibodies against CD10 (Biolegend, clone Hil0a, catalogue
number 312204}, Cells were washed and fixed (BioLegend Fixation buffer, 420801) prior to
analysis. The level of fluorescence on the cell surface was measured by flow cytometry. Using
this method, test anti-CXCR2 antibodies were detected binding neutrophils from both human and

cynomolgus monkey.

Generation of human CXCR2 transgenic mice

[0104] hCXCR2 knock-in mice were generated by use of homologous recombination in
embryonic stem (ES) cells to insert the human CXCR2 into exon 1 of the mouse CXCR2 gene.
The single coding exon of human CXCR2 was inserted into a vector with 57 and 37 arms
homologous to the genomic location of the mouse coding exon of CXCR2, giving rise to a gene

structure that coded for human CXCR2 but retained the mouse non-coding and regulatory

-37 -
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elements. This vector was electroporated into C57B1/6 mouse ES cells which were incorporated
into C57BY6 mouse blastocysts and transplanted into pseudopregnant female mice. Pups were
backerossed to the parental C57BY/6 stramn and offspring screened by southern blot for germline
transmission of the human CXCR2 gene. Mice heterozygous for human CXCR2 were
intercrossed to give a homozygous human CXCR2 line and phenotype was confirmed by

analysis of binding of anti-mouse and anti-human CXCR2 antibodies by flow cytometry.

Comparator antibody and small molecule CXCR2 antagonisis

[0105] Antagounist 1 is antibody HY29GL as described n Int’] Pub. No.
WO2015/169811 A2 (VH and VL of sequences 20 and 29 from that reference). Antagonist 2 is
antibody CX1 3 as described in Int’l Pub. No. W02014/170317 Al (VH and VL of sequences
115 and 114 from that reference). Antagonist 3 1s anti-CXCR2 antibody clone 48311 (R&D
svstems, Catalogue number MAB331-500). Antagonist 4 is anti-CXCR2 antibady clone 6C6
(BD Biosciences, Catalogue number 555932). Antagomst 5 is the small molecule CXCR2

antagonist Danirixin. Antagonist 6 is the small molecule CXCR2 antagonist SCH 527123,

Example 1 - Generation of anti-CXCR2 antibodies

Generation of Anti-CXCR2 Antibodies with Human Variable Reoions

[0106] Transgenic rats engincered to express antibodies with human variable regions
(as disclosed in Int’l Pub. No. WO2008/151081) were used to raise antibodies against human
CXCR2. Briefly, animals were subjected to weekly genetic immunization using a plasmid which
encoded the anuno acid sequence of human CXCR2 (SEQ 1D NO: 125) until antibody titres
against human CXCR2 were obtamed, as measured by flow cvtometry using CXCR2 positive

transiently transfected HEK-293 ¢ells.

Production and Expansion of Hvbridomas Expressing Anti-CXCR2 Antibodies

[0107] To gencrate hybridomas which produced monoclonal antibodics to human
CXCR2, splenocyies and/or lymph node cells from animals with the highest anti-CXCR2 titres
were isolated and fused to mouse myeloma cells (ATCC, CRL-1580). Cells were plated at
approximately | x 107 cells/mL in flat bottom microtiter plates. followed by a two wee
incubation in selective medimm (10% FCS and Ix HAT (Sigma)). Hybridomas were expanded
by senal passage through four media changes in 96-well plates (96-well stages | to 4), then,
where required, expanded into T25 and T75 flasks. During the hybridoma expansion process,

supernatants were monitored for CXCR2 binding activity by cell-based ELISA {cELISA} on
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cells transicntly transfected to express human CXCR2 or murine CXCR2Z (SEQ 1D NOs: 125 or

126, respectively). Bound antibodies were detected using a goat anti-rat IgG-HRP (Southern

Biotech, #3030-05) sccondary antibody.

[0108] A pancl of hybridomas was generated using lvmph nodes and spleen cells from

the transgenic rats engineered to express human variable region sequences. A cellular ELISA

{cELISA} was used to detect human CXCR2 binding activity in supematants taken during the

expansion process for the hybridomas (Table 5). Hybridomas that retained expression of

antibodies that bound CXCR2 afier several passages were selected for DNA sequencing.

Table 5. Binding of Hybridoma Supernatants to Human CXCR2 or Mouse CXCR2

Transfected Cells as Determined by ¢ELISA

CLONE c¢ELISA using hybridoma supernatant from
rats with human variable regions
Human CXCR2Z Murine CXCR2
%o Positive® Ye Positive®
BKO-1A1 38% 6%
BK(-1B10 75% 4%
BKO-1C] 3% 3%
BKO-1C6 38% 5%
BKO-1D1 67% 7%
BKO-1DS 46% 6%
BKO-1D9 85% 3%
BKO-1E3 3% 6%
BKO-1H3 41% 3%
BEKO-2A3 3% 3%
BKO-2B10 79% 3%
BKG-2(C2 77% 5%
BKO-2D1 28% %
BKO-2D8 100% 7%
BKO-2E4 80% 7%
BRO-2F6 11% 3%
BKG-2G4 83% 4%
BEO-2G7 75% 3%
BKG-2G10 139% 4%
BKO-2H4 2% 3%
BKO-2H7 23% 3%
BKO-3A9 2% 4%
BKQO-3C3 8% 10%
BKO-3D3 3% 6%
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CLONE cELISA ssing hybridoma supernatant from
rats with human variable regions
Human CXCR2 Murine CXCR2
% Positive® % Positive®
BK3-3D6 % 3%
BKO-3E3 107% 3%
BKO-3F4 86% 42%
BRO-3FS 5% 5%
BK(3-3F6 6% 5%
BKO-3G1 61% 7%
BKO-3H1 24% 5%
BEO-4A4 32% 7%
BKO-4A5 2% 7%
BKO-4A8 110% 3%
BKO-4A10 11% 5%
BK(-4B2 107% 6%
BK(O-4B7 2% 3%
BRO-4B11 103% 7%
BKO-4C1 57% 6%
BKO-4ER 53% 7%
BKO-4F10 118% 7%
BKO-4F11 T7% 8%
BEO-4G3 2% 2%
BKO-4G4 93% 3%
BKO-4H5 81% 4%
BEO-4H6 108% 4%
BKO-4H11 4% %o
BK(3-3A5 66% 3%
BKO-5BE 53% 5%
BKO-5(4 101% 5%
BKO-5ER 109% 8%
BKO-5F9 2% 4%
BKO-5F10 119% 4%
BEO-5G6 103% 4%
BKO-5G11 101% 22%
BKO-5H1 4% 7%
BEKO-5H4 5% 8%
BKO-6A1 60% %
BKO-6A2 4% 7%
BE(O-6A3 3% 7%
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CLONE cELISA using hybridoma supernatant from
rats with human variable regions
Human CXCR2 Murine CXCR2
% Positive® % Positive®
BK{(-6B8 53% 4%
BKO-6C2 3% 6%
BKO-6(4 39% 3%
BKO-6D10 2% 4%
BKO-6E4 79% 3%
BK(O-6F3 44% 6%
BKO-6G1 101% 4%
BEO-6H1 52% 5%
BKO-7A3 21% 8%
BKG3-7A9 2% 4%
BKO-7B1 15% 5%
BK(O-7B2 84% 4%
BKO-7C11 73% 4%
BEKO-7D8 67% 6%
BK3-7D9 5% 7%
BKO-7E4 4% 6%
BKO-7E7 94% 2%
BRO-TF3 95% 7%
BKQO-7F11 2% 3%
BKO-7G1 21% 3%
BKO-7G2 2% 8%
BKO-7G10 104% 26%
BKO-7H7 3% 7%
BKG-7HR 105% 7%
BKO-7H1 4% 9%
BK(O-8B6 95% 6%
BKO-8C2 3% 8%
BKO-8C4 124% 6%
BK(3-8D2 11% 7%
BEO-8D4 38% 7%
BKO-8F3 56% 3%
BKO-8G3 114% 6%
BK(-8H3 104% 7%
BKO-8H10 81% 8%
BKO-9A8 124% 8%
BKO-9C3 56% 7%
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CLONE cELISA using hybridoma supernatant from
rats with human variable regions
Human CXCR2 Murine CXCR2
% Positive® % Positive®

BKO-9C4 % 3%
BKO-9E7 2% 3%
BEO-9G1 656%% 4%
BK{O-9G6 34% 8%
BEQO-SHS 4% 7%
BKO-10A2 25% 5%
BK(-10B4 109% 6%
BKO-10D1 2% 6%
BKOG-10D8 30% 10%
BKO-10F3 7% 4%
BEO-10G10 89% 4%
BKO-10H6 6% 6%

Positive control 100% 100%
Negative 4% 8%

control

* Fluorescence units relative to positive control (100%)

Sequencing of Antibodies Produced by Hyvbridoma Celis

{6109} Antibody variable domains were isolated by reverse transcription polymerase
chain reaction {RT-PCR} using RNA produced from the non-clonal hybridoma cell pellets as a
template. RNA was isolated from the plates of hybridomas using a GENELUTE™ 96 well total
RNA purification kit {(Sigma #RTN9602, RTN9604) according to the manufacturer’s protocol.
For standard RT-PCR, RNA was reverse transcribed into cDINA using an oligo (dT) primer and
an AccuScript PluUltra® IT RT-PCR kit (Agilent #600184). ¢DNA synthesis reactions were
assembled according the manufacturer’s protocol and ¢DNA synthesis carried out at 42°C for 30
nunutes. For use in 5°-Rapid Amplification of CDNA Ends (5”-RACE) PCR, RNA was reverse
transeribed into cDNA using a SMARTer® RACE kit (Takara) according to the manufacturer’s
directions to give 5 -RACE ready cDNA.

16118} Amphlification of human antibody variable regions from the panel of hyvbridomas
was performed by PCR using ctther PfulUltralf (Agilent) or Q3 high fidelity DNA polymerases
(NEB) according to the manufacturer’s directions. The hybridoma panel heavy chains were
amplified vsing primer pairs specific to the rodent heavy chain constant region DNA sequence
and the DNA sequences of the human heavy chain leader sequences. The hybridoma panel

lambda light chain varable regions were similarly amplified using primer pairs specific to the
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human lambda constant region DNA seqguence and the DNA sequences of the human lambda
chain leader sequences.

10111} The concentration of the resulting purtfied DNA was assessed using a Nanodrop
spectrophotometer.  Sanger sequencing of the PCR fragments was performed using oligos
designed to bind internally in the heavy or light chain amplicons. The resulting BNA sequences
were conceptually translated into amino acid sequences for further analysis prior to their use in
full fength antibody chain generation. Antibodics with unique amino acid sequences were

selected for conversion to full-length human antibodies.

Recombinant Monoclonal Antibodies with Binding to Human CXCR2

[#112] Hybridomas selected from those which secreted antibody that bound CXCR2
(as described in Table 5} were scquenced to identify variable region DNA and amino acids using
RT-PCR as described above. These antibody variable regions were then generated by gene
synthesis and subcloned into mammalian expression vectors as described n General Methods.
Antibodies were produced by co-expression of heavy and light chain plasmids in Expi293F™
cells and purified by protein A column clhromatography as described in General Methods. Where
several heavy and/or light chains were wdentified from the same hybnidoma cells, each heavy
chain was paired with cach light chain and the resulting antibodies given suffix a, b, ¢, cte.
Purified antibodies were desalted into Sorensen’s PBS pH 5.8 and tested by flow cytometry for
binding to Expi293F " cells transfected with human CXCRZ2 or human CXCR1 and mock
transfected Expi293F™ cells. 26 antibodies that bound human CXCR2 but not human CXCRI1 or
mock transfected Expi293F™ cells were identified from the hybridoma panel for further

characterization. These antibody sequences are given in Table 6.

Table 6. Sequences of Antibodies with a Human Variable Region That Bound Human
CXCR2 but Not Closely Related Human CXCRI or Mock-Transfected Expi293F™

Cells
Antibody VH VL
Name (SEQ ID NO) (SEQ ID NO)
BKO-1A1 BKO 1A1 VH BKO 1AT VL
(SEQ ID NO- 1) (SEQ ID NO: 2)
BKO-1B10 BKO_1B10 VH BKO 1B10 VL
(SEQ ID NO. 3) (SEQ ID NO: 4)
BKO-1D1 BKO 1D1 VH BKO 1D1 VL
(SEQ ID NO: 5) (SEQ ID NO: 6)
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Antibody VH YL
Name (SEQ ID NO) (SEG 1D NO)

BKO-1H3

BKO 1H3 VH
(SEQ ID NO: 7)

BKO 1H3 VL
(SEQ ID NO: 8)

BKO-2D8 BKO 2D8_VH BKO 2D8 VL
(SEQ ID NO: 9) (SEQ ID NO: 10)
BKO-3A9 b BKO 3A9 VH BKO 3A9 L3 E03 VL
(SEQ 1D NO: 11) (SEQ ID NO' 12)
BKO-3D6 BKO_3D6_VH BKO _3D6_L6_GO6_VL
(SEQ ID NO: 13) (BKO_5H4_VL)
(SEQ ID NO: 14)
BKO-3F4 BKO 3F4 VH BKO 3F4 L11 All VL
(SEQ ID NO: 15) (SEQ ID NO: 16)
BKO-4A8 BKO_4A8 VH BKO_4A8 VL
(SEQ ID NO: 17) (SEQ ID NO. 18)
BKO-4F10 BKO 4F10 VH BKO _4F10_VL
(SEQ ID NO: 19) (SEQ 1D NO: 20)
BKO-SES BKO_SE8 HS €05 VH BKO_SE8 L3 C03_VL
(SEQ ID NO. 21) (SEQ ID NO: 22)
BKO-3G11 BKO 5G11 VH BKO 5G11 VL
(SEQ 1D NO: 23) (SEQ ID NO: 24)
BKO-5G6 ¢ BKO_5G6 VH BKO 5G6 L12 E12 VL
(SEQ ID NO: 25) (SEQ ID NO. 26)
BKO-6A1 b BKO 6A1 H4 A0 VH BKO 6A1 E10 VL

(SEQ ID NO: 27)

(SEQ ID NO: 28)

BKO-6A2 a

BKO 6A2 HI BOI VH
(SEQ ID NO: 29)

BKO 6A2 L6 A06 VL
(SEQ ID NO: 30)

BKO-7C11

BKO_7C11_H6 B06 VH
(SEQ ID NO: 31)

BKO 7C11 GO1 VL
(SEQ ID NO: 32)

BKO-7G10 a

BKO 7G10 Hl B0l VH
(SEQ 1D NO: 33)

BKO 7G10 L6 F06 VL
(SEQ ID NO: 34)

BKO-7HR b

BKO_7H8 _H3 03 _VH
(SEQ ID NO: 35)

BKO_7H8_L10 F10_VL
(SEQ ID NO: 36)

BKO-8B6

BKO 886 VH
(SEQ ID NO: 37)

BKO $B6 VL
(SEQ 1D NO: 38)
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Antibody VH YL
Name (SEQ ID NO) (SEG 1D NO)

BKO-8C4

BKO 8C4 VH
(SEQ ID NO: 39)

BKO 8C4 VL
(SEQ ID NO: 40)

BKO-8G3 b BKO_8G3 H4 D04 VH BKO 8G3 LI GOI VL
(SEQ ID NO: 41) (SEQ D NO: 42)
BKO-8H10 BKO SHI0 VH BKO §HI0 VL
(SEQ 1D NO: 43) (SEQ ID NO: 44)
BKO-RHR b BKO §H8 H35 E05 VH BKO 8$H8 L7 H08 VL
(SEQ ID NO: 45) (SEQ ID NO: 46)
BKO-9A8 BKO 9A8 H3 F03 VH BKO 9A% L1 HO2 VL

(SEQ ID NO: 47)

(SEQ ID NO: 48}

BKO-9C3 a

BKO 9C3 H8 G083 VH
(SEQ ID NO: 49)

BKO 9C3 L1 Fol VL
(SEQ ID NO: 50)

BKO-10G16

BKO _10G10_VH
(SEQ ID NO: 51)

BKO 10GI0 VL
(SEQ ID NOQ:52)

Example 2 - Fanctional characterization of anti-CXCR2 hits

Binding to cvnomoleus monkev CXCR2

[6113] Al recombinant antibodies that bound human CXCR2 but not human CXCR1

™

or mock-transfected Expi293™ cells were tested for binding to cynomolgus CXCR2 (SEQ 1D

~NTM

NO: 127) using Expi293F ™ cells transiently transfected with a plasmid encoding cvnomolgus
CXCR2 protein as described herem. Antibodies with detectable levels of cynomolgus CXCR2

binding were characterized further,

Binding to other human CXCR familv members

(6114} Human and cynomolgus monkey UXCR2 cross-reactive antibodies were tested
by flow cvtometry for binding to other human CXCR family members - CXCR3, CXCR4,
CXCRS, CXCR6 and CXCR7 using Expi293F" cells transiently transfected with a plasmid
encoding either human CXCR3 (SEQ ID NG: 128), CXCR4 (SEQ ID NG: 129), CXCRS (SEQ
1D NO: 130), CXCR6 (SEQ ID NO: 131 or CXCR7 (SEQ ID NO: 132). Antibodies that were

not selective for CXCR2 were discounted from further analysis.
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Inhibition of CXCE.8-mediated activation of huwman CXCR?

[6115] Antibodies were tested in a Tango™ CXCR2 cell-based assay using human
CXCL8 as an agonist as described in General Methods. Eight antibodies inhibited CXCLS-
induced activation of CXCR2, as shown in FIG. 1A and 1B. A commercially available anti-
CXCR2 antibody 6C6 (BD Biosciences; “BD6CH” was used as a positive control in these

assays.

Binding of antibodics to human CXCRZ expressed by human PBMCs and cvnomolsus CXCR2

expressed by cynomoleus PBMCs

[0116] The cight antibodics that inhibited CXCL&-mediated activation of CXCR2 were
tested for binding to native CXCR2 expressed on human and cynomolgus PBMCs. Two
antibodies, BKO-4A8 and BKO-8G3 b, demonstrated high binding activity to both human and
cynomolgus CXCRZ while a third, BKO-9(3 a, exhibited substantial levels of binding to human

CXCR2 and above average levels of binding to cynomolgus CXCR2, as shown in FIG. 2.

Inhibition of CXCL1-mediated activation of human CXCR2

[0117} Antibodics BKO-4A8, BKO-8G2 b, and BKO-9C3 a were tested in a Tango™
CXCR2 cell-based assay using CXCL1 as an agonist as described in General Methods. Antibody
BKO-4A8 was consistently the most potent of the antibodics tested m this format. Typical

mhubition of CXCL1 activation of CXCR2 curves for these antibodies are shown below FIG. 3.

Example 3 — Amino acid sequence optimization of anti-CXCR2 antibody BKO-4A8

[0118] Heavy and light chain varable region varants of the anti-CXCRZ antibody
BKO-4A8 were constructed in an attempt to optimize the sequence of this molecule for stability
and manufacturability.

[6119] Vanants of antibody BKO-4A8, cach comprising a single amino acid
substitution, were produced as described below. A summary of these vanants 1s provided

Table 7.

Table 7. Variants of BKO-4A8

Antibody Chain Substitution SZ;;;ZE?: ;;}%;?g:
Heavy CDR1 8320 53
S32D 136
S32H 54
S32L 55
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S32W 56
S32Y 57
T33A 38
M34¢Q 59
M34D 60
M34H 61
M34W 62
S35Q 137
$S33D 138
S35K 139
Heavy CDR2 ASOS 1460
I51H 63
G52ab 64
R538 65
R53Q 66
G34D &7
R35Q 141
R35D 142
R55H 143
N56S 68
Heavy CDR3 [94K 69
MOBA gL
M96S 144
M96Q 7
M96D 145
MI6cH 146
MOsK 72
M96L 147
MOGW 148
M9I6Y 149
GI0ID 7.
Y1028 74
Y1020 156
Y1020 151
Y 102K 75
Light CDR2 ES0D 76
V5iD 152
V3iY 153
N32D 7
KS3A 7
KS3D 80
K33H 81
R34Q 82
R34D 154
Light CDR3 YOIA 83
Y918 155
Y9iH 156
NO4A 84

-4

&



WO 2020/028479 PCT/US2019/044314

N94S 85
N94H 157
NO4K 86

NO4L 87

NO4W 38

NO4Y 89

NU528 158
N95al) 90

N93aD 91

NU5aH 92

NY3aK 93

NO3al, 94
NU3aW 159
NO3aY 95

VOTA 96

V978 160
V7D 161
VOTK 7

Generation of plasmids enceding antibody variants by site directed mutasencsis

[61286] Plasmids encoding antibody chains requiring single amino acid changes were
prepared by mutagenic primer-directed replication of the plasmid strands using a high fidelity
DNA polvmerase. This process used supercoiled double-stranded plasmid DNA as the template
and two complementary svnthetic oligonucleotide primers both containing the desired mutation.
The oligonucieotide primers, each complementary to opposite strands of the plasmid, were
extended during the PCR cycling without primer displacement, resulting inn copies of the mutated
plasmid containing staggered nicks. Following PCR cycling, the PCR reaction was treated using
the restriction enzyme Dpnl. Dpnl preferentially cuts the original vector DNA, leaving the newly
synthesized strands intact.

(8121} To gencrate variants incorporating multiple amino acid substitutions that
required mutagenic oligonucleotide primers of over forty bases in length, either the above
process was repeated to introduce the changes sequentially or the genes were synthesized de
novo by assembly of synthetic oligonucleotides. All construct DNA sequences were confirmed

by Sanger DNA sequencing prior 10 use.

(6122} Vanable region amino acid sequences were backiranslated mto DNA sequences
using GeneOptimizer® technology prior to synthesis of the resulting DNA de novo by assembly
ot synthetic oligonucleotides (GeneArt, Germany). Polynucleotides encoding synthesized heavy
chain variable regions paired with human TgG4 constant region comprising the core hinge

- 43 .



WO 2020/028479 PCT/US2019/044314

stabilizing substitution S228P (SEQ ID NG: 118) were subcloned into an expression vector,
Polynucleotides encoding synthesized lambda hight chain variable region genes were subcloned
into an expression vector encoding a human lambda light chain constant region (SEQ ID NO:
134).

Binding of BKO-4A8 variants to CXCR2

(6123} Each variant heavy chain was co-expressed with the parental light chain and
vice versa. The resulting antibodies were purified and tested in CXCR2 binding assays relative to
parcntal antibody BKO-4A8 as described herein. Antibody variants that had similar fevels of

binding to parental BKO-4A8 are shown m Table 8.

Table 8. BKO-4A8 point variants with similar CXCR2 binding te parental BKO-4A8

Variable region Fold change in
Auntibody Chain Substitution Sequence 1D N(: binding relative to
BKO-4A8

Heavy CBR1 $320 53 1.71
S32H 54 (.86

S32L 55 1.33

S32wW 56 0.83

S32Y 37 1.33

T33A 58 1.30

M340Q 59 1.00

M34D 60 1.60

M34H 61 0.80

M34W 32 117

Heavy CDR2 51 63 1.80
G52aD 64 1.18

RA3S 65 1.00

R53Q 66 0.64

G34D 7 1.00

N568 68 1.0

Heavy CBR3 B4K* 69 0.7
MOsA 7 i5

MO6O 71 1.5

MOsK 72 1.0

GIo1D 73 1.0

Y1028 74 i3

Y102K 75 13

Light CDR2 ESOD 76 2.0
N52D 77 1.7

N528 78 1.0

KS3A 79 i4
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Ks3D 80 i4
K33H 81 14
R34Q 82 1.6
Light CDR3 YO1A 83 1.7
NO4A 84 1.0
No4§ 85 i.0
N94K 86 1.33
N94L 37 0.88
NO4W 38 0.63
No4Y 8¢ 0.50
N95aQ 90 1.0
NO3aD 91 2.3
N9SaH 92 i3
N9Sak 93 1.0
NOSal 94 1.7
N93ayY 95 1.7
VOTA 96 1.7
V97K 97 1.0

# 1s a framework residue which flanks Heavy CDR3

[#124] An alignment of the variable heavy chain sequences and variable light chain
sequences of the above antibody variants are shown in FIG. 4A and FIG. 4B, respectively. The
consensus variable heavy chain (“consensus VH”;, SEQ ID NO: 167) and consensus variable

light chain ("consensus VL”; SEQ ID NG: 168) are also provided m those figures.

activation of CXCR2

[0125] Sixteen antibody variants showing similar levels of CXCR2 binding to parental
BKO-4AE were tested in potency assays using CXCLT or CXCLS as an agomst as descnibed in
the General Methods. Twelve antibodies had similar potency to parental BKO-4A8 as shown in
Table 9. Amino acid sequence alignments of these variants relative to the parental heavy and

light chain sequences are provided in FIG. 4A and 4B.

Table 9. BKO-4AS8 Point Variants with Similar Potency to BKO-4A8 in Inhibiting
CXCLY- or CXCL8-mediated Activation of CXCR2

Antibody Chain Substitation Yariable region Tango Assay 1Csp (aM)
SE( I NO: CXCL1 CXCLS

BK.O-4A8 - 17 0.177 0.112
M340 39 0.242 0.0776

Heavy CDRI M34dH 61 0186 0,107
Heavy CDR2 N36S 68 0.158 0.129

194K7 69 0.078 0.071

Heavy CDR3 MI6A 70 0,140 0.126
M960) 7 0.330 0.140
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MOYOK 72 0.135 0.091
Light CDR2 N328 78 G214 0.126
Light CDR3 No4S 85 0.149 0.169
NO4K 86 0.123 0313
No4Y 59 0.164 0.103
N95aQ 90 6213 0.084

# 1s a framework residue which flanks Heavy CDR3

Combinatorial varants of BK(O-4A8

[6126] Three non-germline framework amino acids were substituted back to those seen
in the closest human germline sequence - heavy chain R75K and 194K and light chain D41G.
The substitution A40P was also introduced in framework 2 of the heavy chain.

{0127} A panel of combinatorial variants comprising two or more amino acid
substitutions was designed to examine whether it was possible to further optimize these
sequences. Table 10 deseribes a total of two light chain variants and eleven heavy chain variants
which were produced. Amino acid sequence alignments with the parental BKO-4AS8 vanable
heavy chain and variable light chain are illustrated in FIG. SA and 5B, respectively. The
consensus variable heavy chain (“consensus VH”; SEQ 1D NO: 226) and consensus variable

light chain (“consensus VL7, SEQ 1D NO: 227) are also provided in those figures.

Table 10. Combinaterial Variants of BKO-4A8

Chain Variant: Substitutions (vs BK{(-4A8)

{Relative to parental HC variable region of
SEQ 1D NG:17 or parental LC variable
region of SEQ ID NO: 18)

Heavy 1 M34Q, N568
(SEQ ID NO: 98)

2 M34Q, A4OP, N36S
(SEQ ID NO: 99)

3 M24Q, A40P, N568, R7T5K
(SEQ ID NO: 100)
4 M34Q, A40P, N568, MOSK
(SEQ ID NO: 101)
5 M340Q, A40P, N368, R7TSK. MISK
(SEQ ID NO: 102)
6 M340Q, A40P, N568, R7SK. 194K, MO6K

(SEQ ID NG: 103)

- 46 ~



WO 2020/028479 PCT/US2019/044314

7 M34Q, A40P, N368, [94K, MUK
{(SEQ ID NG: 104)

§ M34Q, N56S, MO6K
(SEQ ID NO: 105)

9 M34Q, N368, R7SK, M96K
(SEQ ID NO: 106)

10 194K, M96K
(SEQ ID NG: 107)

101 M34Q, A40P, N56S, R75K, MY6A
(SEQ ID NO: 108)

Light b N528, N94S
(SEQ ID NO: 109)

¢ D41G, N528, No4S
(SEQ ID NO: 110)

[#128] Each heavy chan was co-expressed with each light chain to produce a sequence
optimized antibody variant. Aatibodies were purified and tested for CXCR2 binding activity as
described in General Methods. Most of the combinatorial antibody variants retained similar

CXCR2 binding activity to parental antibody BKO-4AS, as shown m Table 11.

Table 11. Summary of CXCR2 binding data ECse values using combinatorial variants

Antibody VH change(s} VL change(s) CXCR2 Fold
Name binding | Improvement
ECso(nbM) | over 4ABWT
ib M343, N368 N328, N94S 0.3 1.33
(SEQ ID NO: 98) (SEQ ID NO: 109)
ic D41G, N525, N94S 0.3 1.33
(SEQ ID NO: 110)
4A8 contral | N/A N/A 04 N/A
for VHI
2b M34), A40P, NS6S N528, N94S 0.4 1.25
(SEQ ID NO: 99) (SEQ ID NO: 109)
2¢ D41G, N525, N94S 0.3 1.67
(SEQ ID NO: 110)
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Antibody VH change(s) VL change(s) CXCR2 Fold
Name binding | Improvement
ECse (nM) | over 4ASWT
4A8 control | N/A N/A 0.3 N/A
for VH2
3b M340, A40P, N36S, | N32S, N94S 0.1 4
R7SK (SEQ 1D NO: 109)
3¢ (SEQIDNO-100) 4 b4y 5 w528, Noas 0.2 2
(SEQ ID NO: 110)
4A8 control | N/A N/A 0.4 N/A
for VH3
4b M340, A40P, N36S, | N52S, N94S 0.4 1.25
MO6K (SEQ 1D NO: 109)
fc (SEQIDNO-IOL 4 415 528, No4s 0.4 1.25
(SEQ 1D NO: 116y
4A8 control | N/A N/A 0.5 N/A
for VH4
5b M340Q, A40P, N368, | N52S, N94S 0.4 1.25
R75K, MO6K (SEQ 1D NO: 109)
5¢ (SEQID NO: 102) D41G, N328, N94S 0.4 1.25
(SEQ ID NO: 110)
4A8 control | N/A N/A 0.5 N/A
for VHS
6b M34Q, A40P, N36S, | N32S, N94S 0.4 1.00
RISK, I4K MISK | 0y 11y O 109)
6¢ (SEQID NO: 103) D41G, N52S, NO4S 0.9 .44
{(SEQ 1D NO: 11
4A8 control | N/A N/A 0.4 N/A
for VHO
To M340, A40P, N36S, | N52S, N94S 0.8 0.63
I94K, M96K (SEQ ID NO: 109)
Te (EQIDNO-IOG | 516 Ns28, No4S ] 0.50
{(SEQ ID NO: 110y
4A8 control | N/A N/A 0.5 N/A
for VH7
8b M34Q, N56S, MOK. | N52S, N94S WN/A N/A
(SEQID NO: 165) | (SEQ ID NO: 109)
8¢ D41G, N328, N94S N/A N/A
(SEQ ID NO: 110)
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Antibody VH change(s) VL change(s) CXCR2 Fold
Name binding | Improvement
ECse (nM) | over 4ASWT

4A8 control | N/A N/A 0.6 N/A
for VH3
9b M340Q, N36S, R75K, | N52S, N9485 0.3 3.00
MO6K (SEQ 1D NC: 109)
9c (SEQID NO- 166) D41G, N525, N94S 6.4 0.14
(SEQ 1D NO: 110y
4A8 control | N/A N/A 0.9 N/A
for VHY
10b 194K, M90K. N52S, N945 0.3 1.67
(SEQ ID NO: 167y {(SEQ 1D NO: 109
10¢ D41G, N328, N94S 0.5 1.60
(SEQ 1D NO: 110y
4A8 control | N/A N/A 0.5 N/A
for VHI0

[0129] A further six heavy chain combinational vanants comprising four or more
amino acid substitations were produced as provided in Table 12, Amino acid sequence
alignments with the parental BKO-4AS heavy chain are illustrated in FIG. 5A. Each heavy chain
was co-expressed with light chain ¢ (SEQ 1D NO:110) to produce an antibody variant,
Antibodies were purified and tested for CXCR2 binding activity as described 1n General

Methods. CXCR2 binding activity was reduced in antibody 102¢ and antibody 106¢.

Table 12. Summary of CXCR2 binding data ECso values using combinatorial variants

Antibody VH change(s) CXCR2 Max Max binding
Mame binding binding {MIFE Percent
ECs (nM) (MFD of A8 WT)

M34Q, A40P, N36S, R75K,
101c MI6A 3.03 55048 89%
(SEQ ID NO: 108)

M340Q, A40P, N36S, R75K,
102¢ MI6E .70 32980 53%
(SEQ ID NO: 162)

M34Q, A40P, R33S, R35G,
103¢ N363, R75K 5.13 44445 72%
(SEQ ID NO: 163)

4A8 Control
for 101c~ N/A 1.58 62074 N/A
103¢
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M34Q, A40P, R538, R530,
104c N36S, RT5K. MO6K .45 45097 54%

(SEQ ID NO: 164)

M34, A40P, R335, R550,
NS6S, R75K, MYGA 573 42741 37294

(SEQ ID NO: 165)

M340Q, A40P, R538, R55G,
106¢ N56S, R75K, MI96E > 100 11633 N/A

{(SEQ ID NO: 166}

o
<
th
O

4A% Control
{or 104¢- N/A
106¢

[#5)
)
3
(7.2
£3
~3
v
<2

N/A

(8138} Antibodies were tested i poteney assays using CXCL1 or CXCL8 as an agonist
as described in the General Methods. Combinatorial antibody variants 103¢, 104¢, and 105¢
demonstrated reduced potency when compared {o the parental antibody, while variant 101¢
demonstrated improved potency compared to the parental antibody as shown in Table 13 and

FIG. 6A and 6B.

Table 13. Summary of CXCR2 potency data ECse values using combinatorial variants
CXCL1 | CXCLS Fold CXCL1 Fold

An ﬁm?iy . Vﬂfhr Ange(s) (,XCL?S 1Cso Improvement | Improvement
Narme (VH SEQ ID NO) oo M) 1 M) | over 4A8 WT | over 4A8 WT
M34Q, A40P, N56S,
101c R75K. M96A 0.28 0.63 2.39 1.49

(SEQ IB NQ: 108)

M34Q, A40P, R33S,

103¢ R35G, N565, R75K 1.25 2.40 0.53 2.55
(SEQ IB NQ: 163)

M34Q, A40P, R53S,
RS5G. N36S, RT5K,
104c MOIEK 0.75 217 0.58 0.43

(SEQ ID NO: 164)

M346), A40P, RS3S,
RS5G, N363, R75K, , )
103¢ MOEA 185 4.00 0.36 0.24

(SEQ ID NO: 165)

4A8

Control N/A 0.66 94 N/A N/A

[0131] Antibody 10lc comprising heavy chain vanable region “1017 and light chain

vanable region “¢” was selected for evaluation in cell-based potency assays due to its favorable
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observed propertics. Antibody 101c was renamed BKO-4A8-101c. BKG-4A8-10c compnised
five heavy- and three light-chain optimizing substitutions. The comparison of BKO-4A8 with
BKO-4A8-101c in cell-based potency assays measuring their ability to inhibit CXCL1 or
CXCLR mediated activation of CXCR2 suggested the sequence changes to optinuze BKG-4A8-

101¢ also mereased its potency relative to parental BRO-4AS8, as illustrated in FIG. 6A and 6B.

Example § - Characterization of anti-CXCR2 astagonist activity

Characterization of BKO-4A8-101¢ inlubition of lisand mediated B-arrestin recruitment

[#132] The Huoman CXCR2 Tango™ cell line was used to assess the ability of antibody
BKO-4A&-101c to inhibit B-arrestin recroitment to agonist-activated CXCR2. All human ELR+
chemokine CXCR2 ligands were tested in antagonist dose response assays using calculated ECso
values of agonist. BK(O-4A8-101¢ was able to inhibit CXCR2-mediated f-arrestin signaling
induced by all ELR+ CXCL chemokines, with comparable 1Cse values obtained for all agonists
tested (Table 14} BKO-4A8-101c completely mhibited human CXCR2 activation by human
CXCLL, 2,3, 5, and 6 i a dose-dependent manner, but only partially inlabited CXCL7 and
CXCLS over the same dose range. Representative data from four independent experiments is
shown in FIG. 7.

10133} Without wishing to be bound by any proposed mechanism of action, it is
proposed that the sclective antagonist activity ohserved provides a therapeutic window to enable
substantially complete inhibition of CXCL1- and CXCLS-mediated migration of neutrophils
from the circulation mto tissuc without substantially affocting the nugration of noutrophils
mediated by CXCLR from the bone marrow to the circulation. Partial inhibition of CXCL8-
mediated B-arrestin in the reporter assay demonstrates that the B-arrestin-mediated receptor

internalization pathway is functional.

Table 14. BKO-4A8-101c CXCR2 antagonist activity in a ligand-mediated B-arrestin
reporter assay {u=7-13}

ICse nM Maximal Inhibition %
Hu Ligands Mean Range Mean
Hu CXCL1 27 0.08-0.42 98
Hu CXCL2 0.36 0.23-0.44 100
Hu CXCL3 0.39 0.30 - 0.46 96
Hu CXCL3 0.30 0.11 -0.47 93
Hu CXCL6 0.28 0.16 - 6.38 98
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ICq0 nM Maximal Inhibition %
Hu Ligands Mean Range Mean
Hu CXCL7 (.44 029 -6.62 76
Hu CXCLS 0.34 0.18 - 0.66 78

Characterization of BKG-4A8-101¢ inhibition of ligand-mediated calcium flux

(6134} One of the signaling pathways downstream of CXCR2 activation that has a role
in cell chemotaxis is characterized by calciom mobilization (flux}). The ability of BK(0-4A8-101c
to inhibit buman CXCR2 higand-induced calcium flux was tested in the commercially available
HTS002C - CHEMISCREEN™ human CXCR2 chemokine receptor calcium-optimized cell line.
All haman ELR+ chemokine CX{TR2 ligands were tested in antagonist dose response assays
using calculated agonist ECso values.

[61358] BKO-4A8-101c¢ strongly inhibited calcium flux mduced by human CXCLI, 2,
3, 5, and 6 in a dosc-dependent manner, but only weakly inhibited CXCL7 and marginally
inhibited CXCLS over the same dose range, as shown in Table 15, Representative data is shown
for CXCL1, CXCLS, and CXCLS (FIG. §).

[#136] The neutrophil chemotactic response is known to be mediated via CXCR2-
activated calcium mobilization. Without wishing to be Hmited fo any proposed mode of action,
the selective antagonist activity provided by antibodies disclosed herein potentially provides a
therapeutic window to cnable substantially complete intubition of the CXCL1- and CXCL5-
mediated migration of neutrophils into fungs without substantially impacting CXCL8-mediated
migration of neutrophils from bone marrow into the circulation. This may allow for blockade of
neutrophil-mediated pathology at sttes of chronic inflaramation without necessarily impairing

baseline neutrophil-mediated antimicrobial functions.

Table 15, Summary of mean 1Cs values of BKO-4A8-101¢ for human ELR+
chemokines on human CXCR2 in a calcium flux assay (N=4-9)

FCs nME Maximal Inhibition %
Hu Ligands Mean Range Mean
Hu CXCL1 1.55 0.84-2.31 91
Hu CXCL2 1.62 0.75-2.30 28
Ho CXCL3 0.63 025 -1.13 52
Bu CXCL3 1.03 N.AZ? 81
Hu CXCLo 1.71 1.57 -2.00 81
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¥Cso nM Maximal Inhibition %
Hu Ligands Mean Range Mean
Huy CXCL7 2.14 04755 43
Hu CXCL8 N.D? - 9

* Insufficient data.
®N.T3. No inhibition or data that did not fit a four point dose response curve fit analysis.

Example 6 - In vitro binding and functional activity of anti-CXCR2 antibodies is
independent of Fc region

(6137} Vanable regions from the BKO-4A8 heavy chain were formatted onto different
human Ig( constant regions as provided in the Table 16. The ability of purified antibodies to
bind to human CXCR2 was routinely assessed on Expi293F™ cells transiently transfected to
express human CXCRZ (SEQ ID NO: 125). Binding of BKO-4AS and variants thereof was
detected by incubation of fluorochrome-conjugate anti-human IgG light chamn lambda antibody.
The binding activity of antibodies tested, quantified as mean fluorescent intensity, was

independent of the antibodv Fc region as illustrated in FIG. 9.

Table 16. Heavy chain variants of BKO-4A8

BKO-4A8 heavy chain variant Heavy Chain
SEQID NO
BEKO-4A8 IgG4* 115
BKO-4AS8 1gG4 117
BKO-4A8 1gG2* 119
BKO-4A8 IgG1* 121
BKGO-4A8% 1gG1 £23

* refers to a modified Fe

[0138} The commercially available reporter cell line Tango™ CXCR2-bla U208
(ThermoFisher Scientific) was used to assess the abilitv of the anti-CXCR2 antibodics to inhibit
f-arrestin recruitment to agonist-activated CXCR2. Agonists were provided at their assay ECso
concentration for antagomst assays. The dose response curves demonstrated that functional
activity of BKO-~-4A8 was not impacted by the sequence modification in the Fo region, with

comparable antagonist activity evident for all antibodies evaluated, as iltustrated in FIG. 10,

Example 7- Specificity of anti-CXCR2 antibody BKO-4A8-101c
{3139} The specificity of the anti-CXCRZ antibody BK(O-4A8-101¢ was tested by
assessing binding activity on Expi293F™ cells transiently transfected to express closely related
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human CXCR family members as illustrated in FIG. 11, Sequences of the tested human CXCR
family members are provided in Table 19. Binding of BKO-4A8-101c was detected by
incubation of fluorochrome-conjugate anti-human Ig(s antibody. The anti-CXCR2 antibody

BKO-4A8-101c was found to strongly and exclusively bind human CXCR2.

Example 8 - Flow cytometry binding assays using primary biood cells

[0146] To further characterize the anti-CXCRZ antibody BKO-4A8-101¢, the ability to
bind CXCR2 on neutrophils was tested on anticoagulated human blood. Binding was measured
using BKO-4A8-101¢ directly conjugated to fluorophore APC. Matched isotype control
antibodies conjugated to APC were included for comparison. Cells were incubated with lineage-
specific antibodies and 2 pg/mL of APC conjugated anti-CXCR2 antibody or isotype control.
The level of fluorescence on the cell surface was measured by flow cytometry. Cellular debris
and non-viable cells were excluded based on light scatter characteristics and incorporation of
Zombic Violet fixable viability dye (BioLegend, 423113). Hematopoietic cell subsets were
identified based on CD43 expression together with characteristic size (forward scatter, FSC) and
gramarity {side scatter, S8C) in association with expression of phenotypic markers as follows:
T tymphocytes = CD3: B lymphocytes = CD20; Monocytes = CD 14; and nataral kitler
fymphocytes = CD56 (or CD3- CD20- CD16+ lymphocytes). Granulocyies were identitied
according to size and granularnty and the absence of binding of lincage specific markers: CD3,
CDI9, CD20, CD56, and CD14. Neutrophils were further distinguished by high levels of
expression of CD16 and CD177, while cosinophils were identified based on Siglec-8 expression.
Using this method BKG-4A8-101c bound neutrophils (FIG. 12A) and monocytes (FIG. 12B)
from human blood. A commercial anti-CXTR2 antibody (BioLegend SES/CXTCR2) was used as

a positive control in the experiment.

Example 9 - The ability of purified antibodies to inhibif agonist-induced CXCRZ-mediated
functional response relative to comparator antibodies and small molecules

Characterization of BKO-4A8-101¢ inlubition of lisand mediated B-arrestin recruitment relative
{0 comparator reagents

(6141} The ability of BKO-4A8-101c¢ to block ligand-activated CXCR2 signaling was
compared with comparator antibodies and small molecules {see General Methods) in the Tango™
CXCR2 B-arrestin recruitment assay (Thermo), using the human hgands CXCLI, CXCL3, and
CXCLS at calculated ECsovalues.

[0142] BKO-4AR-101c mhibited CXCR2-mediated f-arrestin functional activity
elicited by a panel of known CXCRZ higands, with comparable ICso values for different ligands.
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The antibody demonstrated ligand selective inhibition of CXCR2-dependent B-arrestin
recruitment with complete inhibition of CXCL1- and CXCLS5 and partial inhibition of CXCLS-
induced B-arrestin recruitment {range 70-80%) as shown in Table 17.

[6143] The potency of BK3-4A8-101¢c mhubition of CXCL1I and CXCLS-mediated -
arrestin signaling was similar or higher than that observed for other comparator antibodies and
small molecules. Based on ICse values, BKO-4AS8-101¢ was shown to be 2- to 39-fold more
potent in inhibiting CXCL1- or CXCL5-ligand mediated B-arrestin activation than comparator
CXCR2 antagonist antibodies or small molecules, but only an incomplete inhibitor of CXCLE-
induced activation of CXCRZ. Incomplete inhibition of CXCL8-mediated P-arrestin reporter

activity demonstrates that the B-arrestin-mediated receptor intemalization pathway is fimctional.

Table 17. Summary of mean 1Cso Values of CXCR2 antagonists for human ELR+
chemokines on human CXCR2 in a B-arrestin recruitment assay

Compound CXCRA CXCLS CXCLS
sy Maximal ICso Maximal ICs Maximal
{(nhM) Inhibition {(nd) Inhibition {(nhM) Inhibition
o Yo %
BKO-4A8- .38 97 0.34 98 0.34 7§
101c
Antagonist 1 1.20 98 (.80 98 (.58 97
Antagonist 2 1.14 a3 0.56 96 0.82 74
Antagonist 3 1450 85 8.12 96 ND* 82
Antagonist 4 1.47 96 0.75 99 1.01 94
Antagonist 3 2.77 99 1.73 g9 1.23 99
Antagonist 6 0.71 99 0.29 97 1.22 98

*N.D. No inhubition or data that did not it a four point dose response curve fit analysis.

Characterization of BK(G-4A8-101¢ inhibition of calcium mobilization

(6144} The ability of antagonists to inhibit CXCR2 activation of calcium mobilization
induced by CXCLI and CXCLE was assessed in the commercially available HTS002( -
CHEMISCREEN™ human CXCR2 chemokine receptor calcmum-optimized stable cell hine
{Eurofins Pharma Piscovery Services). CXC ligands were provided at their assay ECso
concentration (see Table 3} for antagonist assays. The Fluo-4 NW calcium assay kit (Life
Technologies) was used according to manufacturer’s protocol for in-cell measurement of
calcium mobilization, which was read using a FLIPR Tetra high-throughput cellular screening
system (Molecular Devices). The peak response minus the basal response from each well was
used to determine inhubition dose respounse curves fitting a four-parameter logistic equation and

1Cso values.
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[0145]

compared with comparator antibodies and small molecules (Table 18} using the human higands

The ability of BKO-4A8-101¢ to block ligand-induced calcium flux was

CXCL1 and CXCLS at calenlated ECso values. The ICso values from at [east 3 independent
replicates are shown in Table 18 BKGO-4A8-10c¢ was an eguivalent or more potent CXCL1
antagonist than comparator antibodies and small molecules and strongly inhibited calcium flux
induced by human CXCL1. In contrast, BKO-4A8-101¢ and sther comparator antibodies did not
substantiallv inhibit calcium flux induced by CXCLS, while the comparator small molecule
CXCR2 antagonists proved to be able to completely inhibit CXCL2 induced calcm flux n this
assay. The neutrophil chemotactic response mediated via CXTR2 is dependent on calcram
mobilization. Without wishing to be bound by any proposed mechanism of action, the selective
antagonist activity observed with BKO-4A8-101¢ provides a therapeutic window to enable
substantially complete inhibition of CXCL1- and CXCLS-mediated migration of neutrophils into
tissue, without substantially tmpacting CXCLE-mediated migration from the bone marrow. This
ligand selectivity may also affect the chemokine gradients that drive neutrophil chemotactic
TeSPONSES.

Table 18. Sammary of ICse values of human CXCR2 antagenists for human ELR+
chemokines on human CXCR2 in a calcium flux assay

Compound CXCLY CXCLS
1Cso (RM) In?;fif;ff l% 1Cs0 (M) mﬁﬁ’;‘fﬁﬁ E%

?ﬁ?“‘“‘g" 147 93 ND:? 9
Antagonist | N.DA 28 ND? 8
Antagonist 2 1.02 79 NDZ2 3
Augtagonist 3 30.74 37 NDZ? 18
Auntagonist 4 1.29 93 ND2 1
Antagonist 5 48 .94 a5 11312 97
Antagonist 6 8.46 96 16.09 98

4 N.D. No inhibition or data that did not fit a four point dose response curve fit analvsis.

Example 10 - Anti-CXCR2-mediated inhibition of lung neutrophilia in 2 mouse model of
severe asthma
[6146] Sensttized mice challenged with intranasal house dust mute extract (HDM)
develop an inflammatory profile with mixed pulmonary eosinophilia and neutrophilia associated
with goblet cell hyperplasia. A severe asthma model has previously been reported using the

small molecule CXCR2 antagonist SCH527123 at 10 and 30 mg/kg doscs (as discussed in
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YOUNG, A, ef al., The Effect of the CXCRI1/2 Antagonist SCH257123 in a Mouse Model of
Severe Asthma. Experimental Biology 2016 Meeting, 2016 San Diecgo, USA: The FASEB
Journal, 1202.10}) known to work m mouse models of neutrophilic inflanumation (as discussed in
CHAPMAN, R. W, ef al., A novel, orally active CXCRI/2 receptor antagomst, S¢h327123,
inhibits neutrophil recruitment, mucus production, and goblet cell hvperplasia in animal models
of pulmonary mftammation. J Pharmacel Exp Ther, (2007) 322, 486-93). Pre-treatment with 10
and 30 mg/kg SCH527123 only mhibited neutrophil cell numbers by a maximuin of 30% in the
BAL, which was not sigmficantly different when compared to the house dust mite (HDM)-
vehicle treated group {as discussed in Young ef /., supra).

19147} The anti-CXCR2 antibody BKO-4A8-mlgGl (SEQ 1D NOs: 113 and 114} was
generated by formatting the variable heavy and light chains of BKO-4A8 onto an effector
fimction-reduced mouse IgG1 constant region. Ferale hCXCR2 knock-1n mice were subjected
to sensitization with 30 ug HDM in complete Freund's adjuvant (CFA) administered by
subcutancous mjection on day 0 and intranasal challenge with 50 mg HDM without CFA on day
14, Animals were treated with vehicle or BKGO-4A8-mlgG1 (10 mg/kg) via mtrapertioneal
injection on days 5 and 12, Inflammatory responses were characterized at endpoint on day 16 by
total and differential cell counts in bronchoalveolar lavage (BAL) fluid of the right lung. The left
fung was fixed in 10% formalin for histopathology and mucus production assessment.

[0148] Apti-CXCR2 antibody BKO-4A8-mig(G1 treatment prior to HDM challenge
resulted in a reduction in disease severity, including a significant (> 60%) reduction in BAL
eosinophil (p=0.017) and veutrophil {(p=0.028) counts and reduced goblet cell hyperplasia
(p=0.0052), when compared to the vehicle treated control group, as shown in FIG. 13A, 13B,
and 13C. Statistical evaluation was performed vsing a Mann-Whitney nonparametric unpaired t
test with outliers identified using Grobbs” test {Alpha = 0.01) to discern statistically significant
differences between the vehicle and treatment groups. All statistical analyses were performed
using GraphPad Prism™ 7.01.

(6149} The reduction in BAL cosinophil numbers in this model is surprising. The
ability of BKO-4A8-migGl to suppress cosinophilic migration supports its utility in treating

discases of cosinophilia, such as eosinophilic asthma, in addition to neutrophilic conditions.

Example 11 - LPS induced acute lung inflammation in cynomelgus monkey

[#156] Biologics naive (1.¢. not previously administered exogenous biologics) male
cynomolgus monkeys were randomized into groups receiving vehicle or the anti-CXCR2

antibody BKO-4A8-101¢ administered by intravenous administration at a dose of 1 mg/kg on
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days 0, 14, and 28. One hour post-treatment of test antibodies on day 0, amimals were exposed o
acrosolized bacterial hpopolysaccharide (LPS) by inhalation of 20 pg/L for 5 muns (total dose 20
ug/kg). This is a well-established model of acute lung inflanunation. Inflammatory responses
were characterized at 24 hours after LPS exposure by total and differential cell counts of
bronchoalveolar lavage fluid of the left lung and compared to matched counts from naive
animals at pre-treatment day 14. Blood was collected at various time points for differential cell
count and serum collected for pharmacokinetic analysis.

[0151] A single acrosol LPS treatment induced an influx of neutrophils into the ung n
vehicle treated ammals. Pre-treatment with 1 mg/kg of the anti-CXCR2 antibody BKG-4A8-
161¢ markedly inhubited LPS-induced pulmonary neutrophilia in cynomolgus monkeys, as
illustrated in FIG. 14A. Treatment was well tolerated with no loss in body weight. Treatment
with BK(O-4A8-101¢ did not mduce measurable changes in blood neutrophil counts following
repeat antibody dosing, as tHustrated in FIG. 14B.

[0152] CXCR2 signaling is involved in neutrophil movement both out of the bone
marrow and into peripheral tissues in response to chemokines produced by tissuc-resident cells
following stress, injury, or infection. CXCR2 binds nudtiple chemokines implicated in
neutrophil recruitment and chronic inflammation, including CXCL1, CXCLS, and CXCLS.
These chemokinges are also clevated in patients with severe neutrophilic asthma and COPD.
BK(-4A8-101c was shown herein to be a potent and specific antagonist of CXCR2-mediated
signaling. Without wishing to be himited by any proposed mechanism of action, based on its in
vitro profile, and its potency in the cynomolgus monkey, the anti-mflammatory activity of BKO-
4A8-101c appears to be mediated via antagonism of CXCL1 and CXCL5-mediated CXCR2
signaling. These data support the concept that the CXCR2 receptor is the predominant
chemokine receptor controlling neutrophil migration into the lungs under inflammatory
conditions, and arc consistent with the lack of marked ctficacy of a humanized neutralizing anti-
CXCLR antibody administered to COPD patients (as discussed in MAHLER, D A eral,
Efficacy and safety of a monoclonal antibody recognizing interleukin-% in COPD: a pilot study.
Chest, (2004) 126, 926-34), an approach that would only partially inhubit the CXCRI/CXCR2
mflammatory axis. A component of the anti-inflammatory activity of BKG3-4A8-101¢ may be
mediated via endothelial and epithehial cells, because CXCR2 expression on these cell tvpes has
also been implicated in neutrophil recruitment and hung injury {(as discussed in REUTERSHAN,
1., et al., Critical role of endothelial CXCR2 in LPS-induced neutrophil migration into the lung. J
Clin Invest, (2006} 116, 695-702}. The demonstrated in-vivo efficacy of BK(3-4A8-101c in

inhibiting long neutrophil nugration in response to LPS challenge without affecting circulating
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neutrophil numbers or any other measured safety parameters may be a consequence of ifs

exquisite specificity and selective antagonist activity.

Example 12 - Anti-CXCR2 antibody efficiently occupies the CXTR2 veceptor and
selectively suppresses CXCR2-mediated neutrophil responses

[8133] Receptor occupancy assays measure binding of a specific molecule or drug to a
receptor expressed on a specific cell. This is a quantitative assay that can be used to evaluate
receptor binding and other pharmacodynamic characteristics.

[#154] Receptor occupancy was examined i a human CXCR2 expressing cell line and
human neutrophils enriched from whole blood. At least 85% of the CXCR2 receptors were
occupied at 2pg/mL of antibody.  This amount was sufficient to suppress CXCL1-induced
calcium tlux by more than 85% in HTS002C - CHEMISCREEN™ human CXCR2 chemokine
receptor calcium-optimized cells (results not shown).

[8185] While Zug/mL of antibody was sufficient to effectively antagonize CXCR2-
mediated-signaling, it did not interfere with neutrophil functions. End-target chemoattractants
C5a and fMLF bind to C5a receptor (CD88) and FPRI, respectively. Both of these agents induce
chemotaxis and the expression of CB11b, a widely accepted marker of neutrophil activation in
response to infection and mflammation. CXCRZ antibody did not suppress neutrophil CD11b
upreguiation or chemotaxis 1n response to C3a and tMLF (results not shown).

(6136} 10pg/ml (70uM)y CXCR2 antibody potently and specifically antagonized
CXCR2-mediated responses to CXCLI (p<0.0002, FIG. 15A) and CXCLS (p<0.0001, FIG. 158)
i human neutrophils isolated (to 95%) trom whole blood. 70nM CXCRZ antibody
demonstrated greater potency n this assay than the small molecule Antagonist 5 {(danirixin} used
at 1400nM. This compares with previous reports that Agonist 5 inlbited CXCL1I-induced ex
vivo neutrophil surface expression of CD11b with an ICse of 69 ng/mib {156 M|, and ICo of
620 ng/mL (range 158-1080 ng/md) {1400 nM, (range 356 - 2443 aM)} (Miller ef o/, “The
pharmacokinetics and pharmacodynamics of damirixin (GSK1325756) — a selective CXCR2
antagonist — in healthy adult sebjects” BMC Pharmacology and Toxicology 2015; 16},

[01587] Neither CXCRZ nor Antagonist 5 significantly impacted the neutrophil response
to CXCLE in this assay (F1G. 15C). CXCLS binds to both CXCR1 and CXCR2.

[#158] These data demonstrate that CXCR2 antibody is a potent and selective inhibitor
of CXCR2 on human neuatrophils.

16139} Those skilled i the art will appreciate that numerous changes and modifications

can be made to the preferred embodiments of the invention and that such changes and
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modifications can be made without departing from the spinit of the invention. It s, therefore,
intended that the appended claims cover all such equivalent variations as fall within the true
spirit and scope of the mvention.

(6160} The disclosures of each patent, patent application, and publication cited or

described m this document are hereby incorporated herein by reference, in its entirety.

EMBODIMENTS
10161} The following list of embodiments is intended to complement, rather than

displace or supersede, the previous descriptions.

Embodiment 1. A human antibody molecule that tmmunospecifically binds to human

CXCR2, wherein the antibody molecule comprises:

the heavy chain CDR1, CDR2, and CDR3 of SEQ ID NO: 167 and the light chain
CPR1, CDR2, and CDR3 of SEQ 1D NO: 168; or

the heavy chain CDR1, CDRZ, and CDR3 of SEQ ID NG: 226 and the light chain
CDR1, CDR2, and CDR3 of SEQ 1D NO: 227
and wherein the antibody molecule inhibits CXCL I-induced activation of CXCR2 or
CXCL3-mnduced activation of CXCR2.

Embodiment 2. The human antibody molecule of embodiment 1, wherein:

the heavy chain CDR1 comprises the amino acid sequence of SEQ ID NO: 169,
the heavy chain CDR2 comprises the amino acid sequence of SEQ 1D NG: 170, the
heavy chain CDR3 comprises the amino acid sequence of SEQ ID NO: 171, the hght
chain CDRI comprises the anuno acid sequence of SEQ 1D NO: 172, the light chain
CDR2 comprises the aming acid sequence of SEQ IDNO: 173, and the light chain CDR3
comprises the amino acid sequence of SEQ ID NG 174: or

the heavy chain CDR1I compnises the amino acid sequence of SEQ 1D NG: 228,
the heavy chain COR2 comprises the amino acid sequence of SEQ ID NO: 229, the
heavy chain CBR3 comprises the amino acid sequence of SEQ ID NO: 230, the light
chaimn CDR1 comprises the anuno acid sequence of SEQ 1D NO: 201, the light chain
CDR2 comprises the amino acid sequence of SEQ 1D NO: 231, and the light cham CDR3

comprises the amino acid sequence of SEQ 1D NO: 232,

Embodiment 3. The human antibody molecule of embodiment 1 or 2, wherein:
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the heavy chain varable region comprises the amine acid sequence of SEQ ID
NQ: 167 and the light chain variable region comprises the amino acid sequence of SEQ
D NG: 168; or

the heavy chain vanable region comprises the amino acid sequence of SEQ ID
NO: 226 and the light chain variable region comprises the amino acid sequence of SEQ
ID NG 227

Embodiment 4. The human antibody molecule of embodiment 3, wherein:

a)

b)

&

€}

the heavy chain variable region comprises the amino acid sequence of SEQ ID NG: 98 and
the light chain variable region comprises the amino acid sequence of SEQ ID NO: 109 or
110,

the heavy chain vanable region comprises the amino actd sequence of SEG 1D NO: 99
and the light chain variable region comprises the amino acid sequence of SEQ 1D NOG:
109 or 110;

the heavy chain variable region comprises the anuno acid sequence of SEQ 1D NO: 100
and the light chain varnable region comprises the amino acid sequence of SEQQ ID NO:
109 or 110

the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO: 101
and the light chain variable region comprises the amino acid sequence of SEQ ID NG:
109 or 110:

the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO: 102
and the light chain vanable region comprises the amino acid sequence of SEQ 1D NO:
109 or 118y

the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO: 103
and the light chain variable region comprises the amino acid sequence of SEQ ID NG
109 or 110;

the heavy chain variable region comprises the aming acid sequence of SEQ 1D NO: 104
and the light chain variable region comprises the amino acid sequence of SEQ D NO:
109 or 110

the heavy chain variable region comprises the amino acid sequence of SEQ ID NG: 105
and the light chain variable region comprises the amino acid sequence of SEQ ID NO:

109 or 110;
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i)

K

B

the heavy chain variable region comprises the amino acid sequence of SEQ ID NGO: 106
and the light chain vanable region comprises the amino acid sequence of SEQ ID NO:
109 or 110;

the heavy chain vanable region comprises the amino acid sequence of SEQ 1D NO: 107
and the light chain variable region comprises the amino acid sequence of SEQ ID NO:
109 or 110;

the heavy chain vanable region comprises the amino acid sequence of SEQ 1D NO: 108
and the light chain vanable region comprises the amino acid sequence of SEQ 1D NO:
109 or 110;

the heavy chain variable region comprises the amino acid sequence of SEQ D NQ: 162
and the light chain vaniable region comprises the anuno acid sequence of SEQ ID NO:
109 or 110;

m} the heavy chain variable region comprises the anmino acid sequence of SE(Q 1D NO: 163

o)

)

and the light chain varnable region comprises the amino acid sequence of SEQ 1D NO:
109 or 110

the heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 164
and the light chain variable region comprises the amino acid sequence of SEQ ID NO:
10% or 110;

the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO: 165
and the light chain variable region comprises the amino acid sequence of SEQ ID NO:
109 or 110; or

the heavy chain variable region comprises the anuno acid sequence of SEQ ID NO: 166
and the light chain vanable region comprises the amino acid sequence of SEQ ID NO:

109 or 110,

Embodiment 5. The human antibody molecule of embodiment 4, wherein:

the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO: 108
and the light chain variable region comprises the amino acid sequence of SEQ D NO:
110;

the heavy chain variable region comprises the amino acid sequence of SEQ ID NQ: 162
and the light chamn vanable region comprises the amino acid sequence of SE{} 1D NO:

110;
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d)

the heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 163
and the light chain variable region comprises the amino acid sequence of SEQ ID NO:
110;

the heavy chain vanable region comprises the amino acid sequence of SEQ 1D NO: i64
and the light chain variable region comprises the amino acid sequence of SEQ ID NO:
110;

the heavy chain variable region comprises the amino acid sequence of SEQ 1D NG: 165
and the light chain vanable region comprises the amino acid sequence of SEQ 1D NO:
110; or

the heavy chain variable region comprises the amino acid sequence of SEQ 1D NQ: 166
and the light chain vaniable region comprises the anuno acid sequence of SEQ ID NO:
110.

Embodiment 6. The human antibody malecule of embodiment 1 or 2, wherein the heavy

chain CDR1 comprises the amino acid sequence of SEQ ID NO: 182, the heavy chamn
CDR2 comprises the amino acid sequence of SEQ ID NQG: 192, the heavy chain CDR3
comprises the amino acid sequence of SEQ ID NO: 195, the light chain CDR1 comprises
the amino acid sequence of SEQ 1D NO: 201, the light chain CDRZ comprises the amino
acid sequence of SEQ ID NO: 205, and the hight chain CDR3 comprises the aminoe acid

sequence of SEQ 1D NQ: 213,

Embodiment 7. The human antibody molecule of any one of embodiments 1 to 6, wherein

the heavy chain variable region comprises the amino acid sequence of SEQ ID NG: 108
and the light chain variable region comprises the amino acid sequence of SEQ 1D NO:
110.

Embodiment 8. The human antibody molecule of any one of embodiments 1 to 7, wherein

the antibody comprises a human IgG1l heavy cham constant region.

Embodinient 8. The human antibody molecule of embodiment 8, wherein the human IgG1

heavy chain constant region comprises the amino acid sequence of SEQ 1D NO: 122 or

124,
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Embodiment 10.  The human antibody molecule of any one of embodiments 1 to 7, wherein

the antibody comprises a human Ig(G2 heavy chain constant region.

Embodiment 11, The human antibody molecule of embodiment 10, wherein the human
122 heavy chain constant region comprises the amino acid sequence of SEQ ID NG

120.

Embodiment 12, The human antibody molecule of any one of embodiments 1 to 7, wherein

the antibody comprises a human IgG4 heavy chain constant region.

Embodiment 13, The buman antibody molecule of any one of embodiments | to 12,
wherein the antibody molecule is an Fab fragment, an F(ab)2 fragment, or a single chain

anttbody.

Embodiment 14. A pharmaceutical composttion comprising the human antibody molecule

of any one of embodiments 1 to 13.

Embodiment 15 A nucleic acid molecule encoding the human antibody molecule of any

one of embodiments 1 to 13.

Embodiment 16. A vector comprising the nucleic acid molecule of embodiment 15

Embodiment 17. A cell transformed to express the human antibody molecule of any one of

embodiments 1 to 13,

Embodiment 18, A method of treating or preventing airway neutrophilia or acute lung
inflammation in a subject, the method comprising:
administering to the subject a therapeutically effective amount of the human
antibody molecule of any one of embodiments | to 13 or the pharmaceutical composition

of embodiment 14 to prevent or treat the airway neutrophilia or acute lung inflammation.

Embodiment 19. The method of erabodiment 18, whercin the airway neutrophilia or acute
lung mflammation or both are chronic obstructive pulmonary disease, severe neutrophilic

asthma, or both.
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Embodiment 20.  The human antibody molecule of any one of embodiments 1 to 13 or the

pharmaceutical composition of embodiment 14 for use as a medicament.

Embodiment 21.  The human antibody molecule of any one of embodiments 1 to 13 or the
pharmaceutical composition of embodiment 14 for use in the prevention or treatment of

airway veutrophilia or acute lung inflanuation.

Embodiment 22, Use of the human antibody molecule of any one of embodiments 1 to 13
or the pharmaceutical composition of embodiment 14 in the preparation of a medicament

for the prevention or treatment of atrway neutrophilia or acute tung inflammation.

Embodiment 23. The use of any one of embodiments 21 or 22, wherein the airway
neutrophilia, acute lung inflammation, or both are chronic obstructive pulmonary disease,

severe neutrophilic asthma, or both,

Embodiment 24, A method of blocking neutrophil chemotaxis comprising exposing

neutrophils to the human antibody of any one of embodiments 1 to 13,

Embodiment 25. The method of embodiment 24, wherein the chemotaxis is migration of

neutrophils into the lung.
Embodiment 26. A method of blocking CXCR2 signaling in response to CXCR1 and/or

CXCRS, in a cell expressing CXCR2 signaling, comprising exposing cells to the human

antibody of any one of embodiments | to 13,
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What is claimed:

1. A human antibody molecule that immunospecifically binds to human CXCRZ, wherein the
antibody molecule comprises:

the heavy chain CDR1, CDR2, and CDR3 of SEQ ID NO: 167 and the light chain
CDR1, CDR2, and CDR3 of SEQ 1D NG: 168 or

the heavy chain CDRI, CDR2, and CDR3 of SEQ 1D NQO: 226 and the light chain
CDRI, CDR2, and CDR3 of SEQ ID NO: 227
and wherein the antibody molecule inhibits CXCL1-induced activation of CXTCR2 or
CXCL5-induced activation of CXCRZ.

2. The human antibody molecule of claim 1, wherein:

the heavy chain CDRI comprises the ammo acid scquence of SEQ D NO: 169, the
heavy chain CDRZ comprises the amine acid sequence of SEQ ID NO: 170, the heavy chain
CDR3 comprises the amino acid sequence of SEQ 1D NO: 171, the light chain CDRI
comprises the amino acid sequence of SEQ 1D NO: 172, the light chain CDR2 comprises the
amino acid sequence of SEQ 1D NO: 173, and the light chain CDR3 comprises the amino
acid sequence of SEQ ID NO: 174; or

the heavy chain CDRI comprises the ammo acid scquence of SEQ 1D NG: 228, the
heavy chain CDR2 comprises the amino acid sequence of SEQ ID NO: 229, the heavy chain
CDR3 comprises the amino acid sequence of SEQ ID NO: 230, the light chain CDR1
comprises the amino acid sequence of SEQ 1D NG: 201, the hight chain CDR2 comprises the
amino acid sequence of SEQ 1D NO: 231, and the light chain CDR3 comprises the amino

acid sequence of SEQ 1D NO: 232,

3. The human antibody molecule of claim 1 or 2, wherein:

the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO:
167 and the light chain variable region comprises the amino acid sequence of SEQ 1D NO:
168; or

the heavy chain variable region comprises the anuno acid sequence of SEQ ID NO:
226 and the light chain variable region comprises the amino acid sequence of SEQ ID NO:

4. The human antibody molecuie of claim 3, wherein:
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a)

b}

c}

d)

f)

b}

i

k)

k}

the heavy chamn variable region comprises the amino acid sequence of SEQ ID NG: 98
and the light chain variable region compnses the amino acid sequence of SEQ ID NO:
109 or 110;

the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
99 and the hight chain variable region comprises the amino acid sequence of SEQ ID
NO: 109 0r 110;

the beavy chamn variable region comaprises the amino acid sequence of SEQ 1D NO:
100 and the light chain variable region comprises the amino acid sequence of SEQ TD
NG 109 or 110

the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
101 and the light chan vanable region comprises the amino acid sequence of SEQ ID
NQO: 109 or 110;

the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO:
102 and the light chain variable region comprises the amino acid sequence of SEQ ID
NO: 109 or 110

the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
103 and the light chain variable region comprises the amino acid sequence of SEQ 1D
NO: 109 or 110;

the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
104 and the light chain variable region comprises the amino acid sequence of SEQ ID
NGO: 109 or 110;

the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO:
105 and the light chain variable region comprnises the amino acid sequence of SEQ ID
NO: 109 or 110;

the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
106 and the light chain variable region comprises the amino acid sequence of SEQ ID
NO: 109 or 110;

the beavy chain variable region comprises the amino acid sequence of SEQ D NO:
107 and the light chain variable region comprises the amino acid sequence of SEQ ID
NO: 109 or 110

the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
108 and the light chain vanable region comprises the amino acid sequence of SEQ [D
NO: 109 or 110;
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I} the heavy chan variable region comprises the amino acid sequence of SEQ 1D NO:
162 and the light cham variable region comprnises the amino acid sequence of SEQ 1D
NO: 109 or 110;

m) the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
163 and the light chain variable region comprises the amino acid sequence of SEQ ID
NO: 109 or 110;

B} the beavy chamn variable region coraprises the amino acid sequence of SEQ 1D NO:
164 and the light chain varable region comprises the amino acid sequence of SEQ TD
NG 109 or 110

o} the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
165 and the light chain vanable region comprises the amino acid sequence of SEQ ID
NQ: 10%or 110; or

p} the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO:
166 and the light chain variable region comprises the amino acid sequence of SEQ ID

NGO: 109 0or 110,

5. The human antibody molecule of claim 4, wherein:

a) the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
108 and the light chain variable region comprises the amino acid sequence of SEQ [D
NQO: 110;

b} the heavv chain variable region comprises the amino acid sequence of SEQ ID NO:
162 and the light chain variable region comprises the amino acid sequence of SEQ 1D
NO: 110,

¢) the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
163 and the light chan variable region comprises the amino acid sequence of SEQ ID
NO: 110;

d} the heavy chain variable region comprises the amino acid sequence of SEQ 1D NO:
164 and the light chain variable region comprises the amino acid sequence of SEQ ID
NG 116,

¢} the heavy chain variable region comprises the amino acid sequence of SEQ ID NO:
165 and the light chain variable region comprises the amino acid sequence of SEQ 1D

NO: 116; or
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f} the heavy chamn variable region comprises the amino acid sequence of SEQ 1D NO:
166 and the light cham variable region comprnises the amino acid sequence of SEQ 1D

NO: 110.

6. The human astibody molecule of claim 1 or 2, wherein the heavy chain CDRI comprises
the amino acid sequence of SEQ 1D NO: 182, the heavy chain CDBR2 comprises the amino
acid sequence of SEQ [D NO: 192, the heavy chamm CDR3 comprises the amino acid
sequence of SEQ 1D NO: 195, the light chain CDR1 comprises the amino acid sequence of
SEQ ID NO: 201, the light chain CDR2 comprises the amino acid sequence of SEQ ID NGO:
205, and the light chain CDR3 comprises the amino acid sequence of SEQ ID NO: 213,

7. The human antibody molecule of any one of claims 1 to 6, wherein the heavy chain
variable region comprises the amino acid sequence of SEQ ID NO: 108 and the light cham

variable region comprises the amino acid sequence of SEQ 1D NO: 110,

8. The human antibody molecule of any one of claims | to 7, wherein the antibody

comprises a human lgG1 heavy chain constant region.

9. The human astibody molecule of claim 8, wherein the human IgG1 heavy chain constant

region comprises the amino acid sequence of SEQ D NO: 122 or 124,

10. The human antibody molecule of any one of claims 1 1o 7, wherem the antibody

comprises a human IgG2 heavy chain constant region.

11. The human antthody molecule of claim 10, wherein the human IgG2 beavy chain constant

region comprises the amino acid sequence of SEQ ID NG: 120

12. The human anttbody molecule of any one of claims | to 7. wherein the antibody

comprises a human IgG4 heavy chain constant region.

13. The human antibody molecule of any one of claims 1 to 12, wherein the antibody

molecule is an Fab fragment, an F(ab)2 fragment, or a single chain antibody.
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14. A pharmaceutical composition comprising the human antibody molecule of any one of

claims 1 to 13.

15. A nucleic acid molecule encoding the buman antibody molecule of any one of claims 1 to

13.

[¥9)

16. A vector comprising the nucleic acid molecule of clamm 15,

17. A cell transformed to express the human antibody molecule of any one of claims 1 to 13.

18. A method of treating or preventing airway neutrophulia or acute lung mflammation in a
subject, the method comprising:

administering to the subject a therapeutically effective amount of the human antibody
molecule of any one of claims 1 to 13 or the pharmaceutical composition of claim 14 to

prevent or treat the airway neutrophilia or acute tung inflammation.

19. The method of claim 18, wherein the airway neutrophilia or acute lung inflammation or

both are chronic obstructive pulmonary disease, severe neutrophilic asthma, or both.

20. The human antibody molecule of any one of claims 1 to 13 or the pharmaceutical

composition of claim 14 for use as a medicament.

21 The human antibody molecule of any one of claims 1 to 13 or the pharmaceutical
composition of claim 14 for use in the prevention or treatment of airway neutrophilia or acute

lung inflammation.

22. Use of the human antibody molecule of any one of ¢laims 1 o 13 or the pharmaceutical
composition of claim 14 in the preparation of a medicament for the prevention or treatment of

airway neutrophilia or acute lung mflaromation.
23. The use of any one of claims 21 or 22, wherein the airway neutrophilia, acute hung

mflammation, or both are chronic obstructive pulmonary discase, severe neutrophilic asthma,

or both.
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24. A method of blocking neutrophil chemotaxis comprising exposing neutrophils to the

human antibody of any one of claims 1 to 13.

25, The method of claim 24, wherein the chemotaxis 13 migration of neutrophils into the

fung.
26. A method of blocking CXCR2 signaling in response to CXCR1 and/or CXCRS, ma ccll

expressing CXCR2 signaling, comprising exposing cells to the human antibody of any one of

claims 1 to 13.
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