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Abstract

The present invention relates to ST2L antagonists,
polynucleotides encoding the antagonists or fragments thereof,

and methods of making and using the foregoing.
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ST2L antagonists and methods of use

Cross reference to related applications

The present application is a divisional application of
Australian Application No. 2013256645, which is incorporated in

its entirety herein by reference.

This application claims the benefit of United States
Application Serial Number 13/798,204, filed 13 March 2013,
United Sates Application Serial Number 13/798,226 filed 13 March
2013, United Sates Provisional Application Number 61/640,407,
filed 30 April 2012 and United Sates Provisional Application
Number 61/640,238, filed 30 April 2012, the entire contents of

which are incorporated herein by reference.

Field of the Invention

The present invention relates to ST2L antagonists,
polynucleotides encoding the antagonists or fragments thereof,

and methods of making and using the foregoing.

Background of the Invention

ST2L (IL-1RL1 or IL-33Ra) 1is a Toll/IL-1 receptor family
member expressed on the cell surface of a wide variety of immune
cells including T cell, NK/NKT cells, basophils, eosinophils,
mast cells and the newly-described non-B/non-T innate lymphoid
type 2 cells, nuocytes, and natural helper cells. ST2L
expression is also inducible on dendritic cells (DCs),
macrophages, and neutrophils. ST2L is able to downregulate the
responsiveness of Toll-like Receptors TLR2, TLR4, and TLR9, but
also induce type 2 cytokine release via activation by its ligand
IL-33 and association with accessory protein IL-1RAcP. IL-33
has been described as an ‘alarmin’, as its full-length form
resides in the nuclei of epithelial and endothelial cells during

homeostasis, but can be cleaved and released during necrosis.

ST2L signaling requires association of the accessory

protein IL-1RAcP to preformed ST2L/IL-33 complex. The
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accessory orotein Li-1RAc? is shaved with the IL-1o/3

sigraling complex. Models of S%21, IL-33, and IL-1RACP

and Li-

intevactions asz well as interactions between IL-1
IRAcCP have een proposed (Lingel =t al., Cell 17:1388-141C,
2009; Wang =2t al., Nat Immunol 11:905-11, 2010} . KRecently,
ST2L/IL-33/IL-1RAcP has been shown to form a signaling
complaex with ¢-Xit on mast cells, the receptor for stem cell

factor (SCF). IL-33 induced cytokine gproduction in gpriwm

3

mast cells in an SCF-dependert manner

115:3899-906, 2010).

al.,, Blcod

Activation of STZL leads to excessziva tyoe 2 cytokine

responses (esoecially IL-5 ard IL-13), mest cell and

ecsineohll activaticn, a elrway hyper-reactivity, and has

also bzen reported to ampiify Thi and Thl7 raesponsss through

e

induction of IFNy from NKY? cells and and IL-6 from mast

cells, Dysregulation of the ST2L/IL-33 pathway has been

implicated in a variety of immune-mediated diz=aszes,

N

itilis, dinflammatory bowal
v 7

including asthma, rheumatold avt
disease, atopic dermatitis, allsrgic rhinitis, rasal
poiyposis, and systemic sclerocsis (reviewsad by Palmer and

Rev Rheumatol 7:321-9, 2011 and Licvd, Curr Cpin

Gebay,
immunol 22:5800-6, 2010; Shimizu =2t ali., Hum Molec Gen
14:2919-27, 2005, Kamekura et al., Clir Exp Allergy 42:218-
28, 2012; Manretti et al., Ann Rheum Dis ©9:598-6¢05, 2010).
Thus, there is a need for ST2L antagonists that are

suitable for use in the treatment of ST2L mediated diseases

and dizordersz.

Brief Description of the Drawings

Figure 1 shows inhibition of airway hyper-
responsiveness by 5T2L Domain I binding mAl CNTO3914 in a
mcodel of lung inflammetion induced oy intranasally

administered IL-33 when compared to the isotype control

N
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CNTOS516.  Peak airway resistance was measured uvoon
methachcline (MCH) administration at increased doses (mg/ml).
**p<0.05 for CNT0O3914/1L-33 ves. CNIOHHL6/1L-33; and

***5<0.001 for CNTO3914/IL-33 vs. PBS with IL-33 treatment

Figure 2 shows inhibition of Bronchoalveolar Lavage
(RAL) cell recruitment by S3T2L Domain I binding mAb CNTC3914
in & mocdel of lung inflammation induced by intranasally

administered IL-33 when compared to the isotyi control

CNTOS5516. ***1<0.001.

mouse Mast (Cell Protease 1 (MMCP-1) by ST2L Domain I bhinding

Ab CNTO3914 in cell free BAL fiuid in a model of s

inflammation induced by intranasally adminlstersed IL-33.
**p<0.061, ***p<(.001, vs. CNTO5%16 (isotype control) with ILL-
33 treatment.

Figure 4 shows inhibition of IL-32-induced GM-CSF
(Figure 4A), IL-5 ({Figure 4B), and TN¥ax (Figure 4C) release
by STZ2L Domain I binding mAb CNTO3514 oy mouse bone marrow-

derived mast cells in vitr The CNT(C3914 concentrations

O

N

used are shown as ug/mi and IL-33 concentrations as ng/ml in
parenthesis.

Figure 5 shows inhibition of iIL-33-induced
orocstaglandin DZ (PGD;) release by human cord blood-derived

mast cells oy ST2L Domain I binding mAc C2494 (STLM62} at

ndicated IL-33 and C2494 conrcentraticns. MOX-2DG;:
methoxylsamine-2G;.

Figure é shows inhibition of GM-CSE (Figurue 6GA), IL-38
(Figure 6kB), IL-5 (Figure 6C), IL-13 (Figure &D) and iL-10

(Figure 6L) release by indicated concentrations (ug/mil) of

O

ST2L Pomain I binding mAbs C2244 and (2494 irn human cord

=

blood derived mast cells (hCEBMCs) in the wnresence of 1 ng/ml
1

IL-33 in StemPro-34 medivm + 100 ng/ml SCF (stem cell

2

factor) .
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Figure 7 shows effect orn GM-CSE ({(Figure 7A), IL-8
(Figure 7B), LL-5 (Figure 7C), iL-13 (Figure 70) and fL-10
(Figure 7k) release by indicated concentrations (ug/ml) of
STZL Domain Iil binding mAks C2518 or C2521 in human cord
5 vlood-derived mast cell in the presence of 1 ng/ml IL-33 in
StemPro-34 medium + 10C ng/ml SCEF.
Figure & zshows effect on A) GM-CSE; B) iLi-8; C) LL-5;

D) IL-13 and E) IL-10 release by STZL Domain I bind

|-

ng mwAL
C2484 and STZL Domain III pinding mAbs ST2M48 (M4E8), ST2M4ES
1C (M49), STZMSC {(M50), and STZMS1 (M51) in human cord klood-
devived mast ceils (nCBMCs) 1in the oresence of 3 ng/mi IL-33
in RPMI/10%FC3 medium + 1COng/mi 3CFE.
Figure 9 shows average opercent (%)} inhibition of anti-
ST25L entibodies oinding Domain I (D1) ox Domain ILi (D3) of

15 Sr2i on GM-CS¥, iL-5, iL-8, IL-10 and IL-i3 release Dby hu

o e

cord klood~derived meast cells upon LL-332 and SCF induction as
indicated using either 50 ug/ml or 2 ug/ml of each antibody
tested. Negative values indicate % activation.

Figure 10 shows heavy chain variable regions (VH) and

20 heavy chain CDE sequences of anti-ST2L antibodies derived

from phage disglay libraries and after suvibsesuent affinity-
maturation campalgns.

Figure 11 shows light chain variable regions (VL) and

light chain CDR sequences of anti-ST2L antibodies derived

Ny
w

from phage disglay libraries and after suvipseduent affinity-
maturation campalgns.

Figure 12 shows VH and VL regions

7

~

heavy chain CDRs ¢f antl-STZL antibody &
HCDRI variants.

30 Figure 13 shows A) VE and B) VL sequences of anti-3T2L

antibodies derived from phage display libraries and after
subsequent affinity-maturation campailgns.
Figure 14 shows delineation of C24%4 VE and VL antigen

opinding sites transferred to human frameworks (transferred

I
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marked as #FA, “human franework adaptation”). Kabat CDRs are
underlined and Chothia HVs indicated in dashed lines above
the indicated transferred HFA regions. Numbering of V& and
VL residues 1s according to Chothia. Residues highlighted in
grey in VE were not transferred in some HFA variants. C2494
VH: SEQ ID NC: 48; €245%4 vd: SEQ ID NO: 32.

Figure 15 shows CDR sequences of human framework
adapted (EFA)} antibodies derived from C2494,

Figure 16 A) Serum levels of anti-ST2L antibady
CNT02914 B) innibiticn ¢f broncheoaliveolar Lavag (BAL) cell
recrultment €} inhibition of IL-6 secretion by whole blood

cells stimula with 1L.-33; D) innibition of MCPLl secreticn

oy whoile plood cells stimuiated with 1IL-33 by CNTC3914 24
hours post-dosing in a 6 hcour model of lung inflammation
induced by intranacgally edministered 1L-33. *p<(.05,
**p<0.01, ***o<0.00L; NQ = below the limit of detection; @
one data oolint 13 below the limit of detection.

Figure 17. Competiticn between various anti-ST2L

antibodies. A} 30 nM lal

ted C2244 Fab was competed with

indicated antibodies for Dbir o ST2L-ECD coated on

t
microwslls. C2244 competed with C2494 but not with CZ2539. B}
10 nM labeled C2494 was competed with indicated antibodies
for binding to ST2L-ZCD coated on microwells. C2494 competed

with STLMZ208 and STLMZ13 but not with C25

/

v

Figure 18 zshows a simolified H/D exchange mao <of the

human ST2-ECD (SEQ ID NC: 119) cowmplexed with CZ2244 Faih. The

e displayed in dif

regions protzctad by the ants

gray scale as indicated. Segments encompassing residues 18-

31 (boxed in dashed lire)} (corresponding to residues 35-48 of
fli length ST2L of SEQ ID NO: 1) were protected by the Fab.

Region encompassing residues 71-100 {boxed in zolid line)

(corresponding to residues 88-117 of SEQ ID NO: 1) were

heeavily glycosylated and not covered by peptides.
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Figure 19 shows kinetic and affinity constants for ST2L Domain | binding antibody for ST2L
variants as indicated in the figure.

Figure 20 shows inhibition of A) GM-CSF; B) IL-5; C) IL-8; D) IL-13 secretion from primary
human lung mast cells by an anti-ST2L antibody STLM208.

Any discussion of the prior art throughout the specification should in no way be considered as an
admission that such prior art is widely known or forms part of common general knowledge in the
field.

Summary of the invention

According to a first aspect, the present invention provides an isolated human or human-adapted
antibody antagonist or fragment thereof that specifically binds Domain | (SEQ ID NO: 9) of
human ST2L, comprising a heavy chain complementarity determining region (HCDR) 1
(HCDR1), a HCDR 2 (HCDR2), a HCDR 3 (HCDR3), a light chain complementarity determining
region (LCDR) 1 (LCDR1), a LCDR 2 (LCDR2), and a LCDR 3 (LCDR3), wherein the HCDR1,
HCDR2, HCDR3, LCDR1, LCDR2, and LCDR3 comprise:

SEQ ID NOs: 78, 81, 84, 87, 90 and 92, respectively;

SEQ ID NOs: 78, 81, 84, 130, 90 and 131, respectively;

a)
)
) SEQ ID NOs: 78, 81, 84, 130, 90 and 132, respectively;
)
)

o O T

SEQ ID NOs: 78, 81, 84, 130, 90 and 133, respectively;

SEQ ID NOs: 78, 81, 84, 130, 90 and 134, respectively;

f) SEQ ID NOs: 95, 109, 84, 130, 90 and 131, respectively;
g) SEQ ID NOs: 96, 110, 84, 130, 90 and 131, respectively;
h) SEQ ID NOs: 97, 111, 84, 130, 90 and 131, respectively;
i) SEQ ID NOs: 96, 110, 84, 130, 90 and 134, respectively;
i) SEQ ID NOs: 97, 111, 84, 130, 90 and 134, respectively;
k) SEQ ID NOs: 97, 112, 84, 130, 90 and 134, respectively;
l) SEQ ID NOs: 98, 113, 84, 130, 90 and 134, respectively;
m) SEQ ID NOs: 97, 115, 84, 130, 90 and 134, respectively;

D

n) SEQ ID NOs: 99, 116, 84, 130, 90 and 133, respectively;

0) SEQ ID NOs: 100, 117, 84, 130, 90 and 133, respectively;
p) SEQ ID NOs: 101, 118, 84, 130, 90 and 133, respectively;
q) SEQ ID NOs: 102, 120, 84, 130, 90 and 132, respectively;
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SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:

-ba-

103, 121, 84, 130, 90 and 132, respectively;
103, 122, 84, 130, 90 and 131, respectively;
103, 123, 84, 130, 90 and 131, respectively;
104, 124, 84, 130, 90 and 131, respectively;
105, 125, 84, 130, 90 and 131, respectively;
106, 126, 84, 130, 90 and 131, respectively;
95, 127, 84, 130, 90 and 131, respectively;

107, 128, 84, 130, 90 and 131, respectively;
108, 129, 84, 130, 90 and 131, respectively;
97, 114, 165, 130, 90 and 134, respectively;
97, 114, 166, 130, 90 and 134, respectively;
97, 114, 167, 130, 90 and 134, respectively;
97, 114, 168, 130, 90 and 134, respectively;
97, 114, 169, 130, 90 and 134, respectively;
130, 90 and 134, respectively;

97,114,170,
97,114,171,
97,114,172,
97,114,173,
97,114, 174,
97,114,175,
97,114, 176,
97,114,177,
97,114, 178,
97,114,179,
97, 114, 180,
97,114, 181,
97,114,182,
97,114, 183,
97,114, 184,
97,114, 185,

130,
130,
130,
130,
130,
130,
130,
130,
130,
130,
130,
130,
130,
130,
130,

90 and 134,
90 and 134,
90 and 134,
90 and 134,
90 and 134,
90 and 134,
90 and 134,
90 and 134,
90 and 134,
90 and 134,
90 and 134,
90 and 134,
90 and 134,
90 and 134,

90 and 134

respectively;
respectively;
respectively;
respectively;
respectively;
respectively;
respectively;
respectively;
respectively;
respectively;
respectively;
respectively;
respectively;
respectively;

, respectively;

23, 27, 31, 35, 39 and 43, respectively;
24,28, 32, 36, 40 and 44, respectively;
24, 28, 146, 36, 40 and 147, respectively; or
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vy) SEQ ID NOs: 24, 28, 146, 36, 40 and 44, respectively.

According to a second aspect, the present invention provides an isolated polynucleotide

encoding the isolated antibody antagonist of the first aspect.

According to a third aspect, the present invention provides a vector comprising the isolated

polynucleotide of the second aspect.

According to a fourth aspect, the present invention provides a host cell comprising the vector of

the third aspect.

According to a fifth aspect, the present invention provides a method of producing an antibody
antagonist, comprising culturing the host cell of the fourth aspect and recovering the antibody
antagonist from the host cell.

According to a sixth aspect, the present invention provides an antibody antagonist when
produced by the method of the fifth aspect.

According to a seventh aspect, the present invention provides a pharmaceutical composition
comprising the isolated antibody antagonist of the first aspect or the sixth aspect and a
pharmaceutically accepted carrier.

According to an eighth aspect, the present invention provides a method of treating or preventing
a ST2L-mediated condition in a subject comprising administering a therapeutically effective
amount of the isolated antibody antagonist of the first aspect or the sixth aspect, or the
pharmaceutical composition of the seventh aspect, to the subject for a time sufficient to treat or

prevent the ST2L-mediated condition.

According to a ninth aspect, the present invention provides a method of inhibiting a mast cell
response in a subject comprising administering a therapeutically effective amount of the isolated
antibody antagonist of the first aspect of the sixth aspect, or the pharmaceutical composition of

the seventh aspect, to the subject for a time sufficient to inhibit the mast cell response.

According to a tenth aspect, the present invention provides a method of inhibiting interaction of
IL-33 and ST2L in a subject, comprising administering to the subject the antibody antagonist of
the first aspect or the sixth aspect, or the pharmaceutical composition of the seventh aspect, in

an amount sufficient to inhibit the interaction of IL-33 and ST2L.
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According to an eleventh aspect, the present invention provides use of the isolated antibody
antagonist of the first aspect or the sixth aspect for the manufacture of a medicament for:
treating or preventing a ST2L-mediated condition in a subject;
inhibiting a mast cell response in a subject; or
inhibiting interaction of IL-33 and ST2L in a subject.

Unless the context clearly requires otherwise, throughout the description and the claims, the
words “comprise”, “comprising”, and the like are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but not

limited to”.

The invention provides an isolated human or human-adapted antibody antagonist or fragment
thereof that specifically binds Domain | (SEQ ID NO: 9) of human ST2L.

The invention also provides human-adapted antibody antagonists specifically binding human
ST2L having certain light chain and heavy chain variable region sequences, or certain heavy
chain and light chain complementarity determining sequences.

The invention also provides human or human-adapted antibody antagonists specifically biding
human ST2L at defined epitope regions and/or having certain characteristics as described

herein.

The invention also provides an isolated polynucleotide encoding the heavy chain variable
regions (VH) or the light chain variable regions (VL) of the invention.

The invention also provides a vector comprising an isolated polynucleotide of the invention.
The invention also provides a host cell comprising a vector of the invention.

The invention also provides a method of producing an antibody of the invention, comprising

culturing a
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host. cell of the invention and recovering the antibody
from the cell.

The inverntion also provides a pharmaceutical
composition comprising an isolated antibody of the
invention and a pharmaceutically accepted carrier.

The inverntion also provides a method of treating
or preventing a ST2L-medlated condition comprising
administering a therapeutically effective amount of an
isolated antibody of the invention to a patient in need
thereof for a time sufficient to treat or prevent the
ST2L-medliated conditicn.

The invention also provides a method of inhibiting
mast cell response 1in a patlent comprising
administering a therapeutically effective amcunt of an
isolated antibody of the invention to a patient in need
thereof for a time sufficient to inhibit the mast cell
response.

The invention also provides a method of inhibiting
interactiorn <¢f IL-33 and ST2L in a subject, comprising
administering to the subject an antibody that
specifically binds domain I of ST2L in an amount

sufficient tc¢ inhikit the interaction of IL-33 and

STZ2L..
Detailed Description of the Invention
All publicetions, including but not iimited to patents
and aoplications, <ited 1in this speclfication are

her=in incorxporated by reference as though fully s=t forth.
It 1s to ke understood that the terminology used herein
is for the purpose of describing particular embodiments only

7

and 1is not intended to pbe limiting. Unless defined



2017202610 20 Apr 2017

15

20

otherwise, all technical and scientific teyms used herein

have the same meaning as commonly understocd one of

a

ordinary skili in the art to which the invention pertains.
Altnougl azny methods and materials similar or

equivalent to those deszcribed herein can be used 1in the

practice for testing of the present invention, exenplary

materials and methods are descrived herein. In describing

and claiming ¢ resent inventicon, the following terminol

will be used.

The term "antagonist™ as used herein means a meleculs

hat partially mpletaly Lnhibits, Ly any mechanisn, T2L
t artialliy or complet y ] 1 y any meachanism, S

biclogical activity. Exemplary antagonists are antiinodiss,

fusion proteins, peptides, paotidoemimetics, rucisic acids,

oligonuci=otides and small molecules. Antagonists can

identified using vys for ST2L kiological activity

described below. ST2L arntagonists
bioicgical activity by 20%, 30%, 40%, 50%, 60%, 70%, 75%,

80%, £5%, 20%, 95%, 96%, 97%, 9%%, 99% or 100%.

may 1inhibit measured STZL

The term “ST2L” or “huST2L” or “human ST2L"” refers to a
human 3T2L polypeptide having an amino acid sequence shown in
GenBank Acc. No. NP _05731e6. SEQ ID NC: 1 shows the amino
acid sequence of the full length human ST2L. “ST2L
axtracellular domain”, “ST2L-ECD” or “huST2L-ZCD” as used

herein means a pelypeptides amino acids 19-328 of SEC

ID NO: 1., huST2L-ECD has three Ig-like C2-tyve domains
sparning residues 19-122 (Domain I, SEQ ID NC: 9), residues
123-202 {(Domain LI, SEQ ID NO: 10), and residues 209-324

(Dermain 1IL, SEQ ID NO: 1i) of S0 ID NO: 1. “Domain I ox
“WST2L Pomain I7 or “huST2L Domain 17 or “hlY refers to the

first immunoglooulin-~like domainr on human ST2L having the

sequence shown in SEQ ID NO: 9. “Domain I1il” or “ST2L Domain

III” refers to the third immuroglcbulin-like domain orn human

3T2L having the sequence shown in SEQ ID NO: 11.
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The term “iL-33" as used herein includes full length
iL-33 (zenBank Acc. No. NP 254274 SEQ ID NO: 3), variants and
active forms thereof. I[L-33 variants include proteins having
aminc acid seguences shown in GenBank Acc. No. NP 001186569
and GenBank Acc. No. NP 001186570} . IL-33 active forms
include a “mature IL-33"” having residues 112-270 of SEQ ID
NC: 3. Additicnral active forms inclilude IL-33

having residues 11-270, 1i15-270, 95-270, 99-2°

f SEC ID NO: 3 (LeFrancais et ai., Proc Natl
09:1673-8, 2012), or any form or combinatior. of forms
isolated from cells endogsnousliy expressing IL-33. “IL-33
active form” is a fragment or a variant of IL-33 of SEQ ID
NO: 3 that induces STZL biological activity.

The texm “entibodies” eag used herein is wmeant in a
broad sense and includes immunogicbulin molecules including
volyclonal antibodies, monocicnal antibodies inciuding
rmurine, human, human—-adapted, humanized and c¢himeric
monoclonal antivodies, antibody fragments, bispecific or
rmiltispecific antibodies formed from at least two intact
antibodies cor antibody fragments, dimeric, tetrameric or
multimeric antibodies, and single chaln antibodies.

Immurioglobulins can obe assigned to five major classes,

namely IgA, IgD, IgE, IgG and IgM, depending on & Neavy

chain constant domain amirno acid seqguence. IgA and IgG are

further sub-classified as the isotymes IghAy, IgA,, 1gG,, IsGg,

1gG; and lgG,, Antibody lignht chains of any vertebrate

specles can be aszlgnad to orne of two clearly distionct fyvpes,

ramely kKaopa (k) and lambe (A, mased on the amino acid

sequences of their constant domains.

The term “antibody fragments” refers to a pvorticorn of an
immunogiobulin molecule that retains the heavy chain and/or
the light chain antigen binding site, such as a neavy chain

complementarity determining regions {(ECDR) 1, 2 and 3, a

light c¢hain complementarity determining regions (LCDR} 1, 2

o
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and 3, a heavy chaln varieable region (Vid), or & light chain
variablie region (VL) . Antibody fragments include well known

f'ab, ¥(ab')Z, Pd and #v fragments as well az a domain

antibodies (dAb) consisting one VH domain. VH and VL domairns

car. be linked together via a synthetic linker to form variocus

types of single chain antibody designs where the VE/VL
domains palr intramolecularly, or intermclecularly in th

cas

s when the VH and VL domains &

o

single chain antibody constructs, to form a monovalent
antigen binding site, such as single chaln v {5CEV) oOr
diavody; descripbed for example in int. Pat. Publ. Nc.
wWeoes8/44C01, iInt. Pat. Pubi. No. W088/01649; Int. Pat. Publ.
Ne. W094/13804; I[at. Pat. Publ. Ne. WCS2/01047

Ar antivedy verieble regicon consists ¢f a “framework”
regicn interruoted by three “antigen binding sites”. The
antigen binding sites are defined using various terms: (1)
Coemplenentarity betermining Regions (CDRs), three in the Vi
(HCDR1, HCDR2, ECDR3), and three in the VL (LCLR1, LCDR2,

LCDR3), are based on seguence variability (Wu and Kabat, J

Exp Med 132:211-50, 1570; Kabat et al., Seguences of Proteins

of Immunological Interest, 5th Ed. Public Health Service,

Naticnal Institutes of Healtl, Bethesda, Md., 1291). (izx)

“Hypervariakle regions”, “HVR”, or “HV”, three in the VA (H1,

E2, H3) and three in the VL (L1, L2, L3), refer tc the
regions of an antibody variable domains which are
hypervariaible in structurs &g defined oy Chothia and Lesk
(Chothia and Legsk, Mol Riol 196:901-17, 1987). Other terms
inciude “IMGT-CDRs” (L=franc et al., Dev Comparat Immunoil
27:55-77, 2003) and “Soecificity Determining Residue Usage

(SDRYU) (Almagro, Mol Recognit 17:132-43, 2004). The

international ImMunoGerelics (IMET) detabase
(ntto://www_imgt org) provides a standardized numbering and

definition ¢f antigen-binding sites. The correspondence

10


http://www__imgt__org

2017202610 20 Apr 2017

15

25

HV3 and IMGT delineations is described in

Letween
Lefranc et al., lLev Comparat Immunoi 27:55-77, 20023.

“Chothila residueszs” as used herein are the antibody VL
and VE residues numbered according to Al-Lazikani (Al-
Lazikani et al., J Mol R2icl 273:927-48, 1997).

N

Framework” or “framework sequences

’”

are the remaining
sequerices ¢f a variable region other than those defined te be
antigen binding site. Because the antigen binding site can
e defined by various terms as described alove, the exact
amino acid seguence of a framework depends onn how the
antigen-binding site was defined.

“Human antibody” or “fully human antibody” rvefers to

antiizedies containing variable region and constant region

sequences derivaed from human immunogloiulin sequences. Human
antiiodies of the invention may inciude suizstitutions so that
they may not be exact copies of exzpressed human
immunoglopulin or germline gene seguences. However,
antibodies in which antigen binding sites are derived from a
non-numan species are not included in the definition of
“humarn antibody”.

“Euman-adapted” antibodies or “human framewcrk adapted
(HFA) " antibodies refers to antibodies adapted according to
methods descrilred in U.S. Fat. Publ. No. U32009/0118127 and
also refers to antibodies in which antigen-binding site
sequences derived from non-human speclies are grafted onto

human frameworks.

“Eumanized antibos ref=zrzs te antibodies whereiln the
antigen binding sites are derivad from noo-human species and
the variabie reqgicn frameworks are derived from human
imnmunoglopulin sequences. Humanized antibcedies may include
substitutions in the framework regions so that the framework

may not be an exact copy of expressed human immunoglobulin or

germline gene sequences.
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“zubstantially identical” as used herelnr means

trhat the two antibody variakble region amince acid seguences

\

veing compared are identical or have “insubstantial

differences”. Insubstantial differences are sivhstitutions of

A ~

i, 2, 32,4, 5, ¢, 7, 8, 2, 10, or 11 amino acids in an

7

antivody or antidvody variable region sequernce that do not

adversely ¢

‘fect antibody properties. Aminc acid sequences
substantially identical to the variable region seguences
discleosed herelr are within the scope of the application., In
some empodiments, the sequence rdentity can pe avout 90%,

%, 94%, 95%, 96%, 27%, 98%, 9%% or higher.

A\

rerd tity can be determired for example by pcalrwise

alignment using the default settings of the Align¥ module of

Vector NTI 5.0.0 (Invitregen, Carslbad, CA). Ths prots

equences of the present invention can ke used as a query

sequence to pverform a sea agalnst puklic or patent

e

databases to, for example, identify reliated seguences.

Exemeclary crograms used to perform such searches are the
XBLAST or BLAST? programs (http //www_ncbi nlm/nih gov), or
the GenomeQuest™ (GernomeQuest, Westborougn, MA} suite using

the defavlt settings.

The term "epitope” as used herein means a porticrn ¢f an

S

antigern: to which an antivody specifically binds. Epitog

‘

vsually consist ¢f chemically active (such as polar, non-

pclar or hydroghiobic) surface grouoings of moleties such as

amine acids or oclysaccherids side chains and can have

speclfic threse-dimensional structural cheracteristics, as
well as soec:ific chargs characteristics. An epitope can be
composed of contiguous and/or discontiguous amino acids that
form a conformatioral secatial urnit. for a discontiguous
eclitope, amino acilds from differing portions of the linear

sequence of tne antigen come in close proximity in 3-

dimensionial space through the folding of the protein

b
N
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molecule. An exempiary epitove is lbomain I
4l

S QEy T
oY

a1

The term “paratope” as used hereln means a vortion of

an antidbody to which an entigen specifically binds. A
varatope can e linear in nature or can be discontinuous,
formed by a svatial relationshiv between non-contiguous amirno
acids of an antibody rather than a linear series of amino

acids. A “light chain paratope” and a “heavy chaln paratope”

paratope amino acid residues” and “heavy

or “light chain

chaln paratope amino acid rec

0

7

idves” refer to antibody lignt

0

chain and heavy chaln residues in contact with an antigen,

respectivaly.

The term “specific binding” cr “spec

used harein

ra te anti binding to a predetsrmined

antigen with greater affinity than for otrl

gens ox

proteins, Tyvoplcally, the antibody hinds to a predstermined

antiger with a dissocciation constant (Xp) of 1x1077 ™ or less,
for example 1x107% M or less, 121077 M or less, 1x107*" ™M or

iess, 1x107%

a

M or less, or ixi0™ ™ or less, typically with a
Xp that is at least ten fold less than its X; for binding to
a non-svecific antigen {e.g., BSA, caselin, or any other
specified wolypectide). The dissociation constant can be
measured using standard procedures. Antibodies that
specifically bind to a predetermined antigern may, however,

S

have cross-reactivity to other related

wtigens, for example
to the same predetermined antigen from other species

(hromologs), such as human or monkey, for example Macaca

~ vy R ) -
scicularis (cyn

“Bispecific” as used herein refers to an antivbaedy that
pinds two distirnct antigens or two distinct epitopes within
an antigen.

’

“Monospzcific” as used herein refers to an ant

H
[
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that binds one antigen or one eoitope.

124

ation with” as used herein means

The term “in combin:
theat the described agents can be administered to anr animal
together in & mixture, concurrently as single agents or
sequentially as single agents in any order.

“Inflammatory condition” asz used herein refers to acute

or chronic localized or systemic responses to harmful

stimuli, such as pathogens, damaged cells, physical in
irratants, that are mediated in part by the activity of
oytokines, chemokirnes, or inflammatory cells {e.g.,

reutroohils, morccytes, lymphocvtes, macrophages) and 1s

characterized irn mest instances

valn, redrness, swelling,
and imoairment of tissue furnoction.

The teyvm “ST2L-medrated inflammeatory condition” as used

hevein refers to an inflammetory condiftion resuliting at least

vartially from inaporooriate activation of S¥21 signaling
vathway. Ezemplavy STZL-mediated inflammatory conditions are
asthma and allergies.

\\ o}

The term “L-mediated condition” as used herein

encompasses all diseases and medical conditions in which ST2L

N

plays a role, whether directly or indirectly, 1in the disease

[}

or medical condition, including the causation, development,
proagress, yersistence or pathology of the disease or
condition.

The term “ST2L biological activity” as uvsed herein

refers to any activity ocourring as a result ST2L tigand

ST21:.  An exemolary ST2L biological activity
results in activatiocn of NIE-xB in response to LL-33. NE-kR3

activation can be assayed using
induction of STZL with

153-62, 2011} . Othex

result in prollf
inflammatory cytokires and chemokires, for example IL~-5, GM~-

sy, IL-8, IL-10, or 1L~13. The rslease of cytokines and

14
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chemokines from cells, tis: or in clrculation can be

neasured using well-krnown immunoassays, such as an LLISA

immunoassay.

The term “vector” means a polynucleotide car

vbeing duplicated within a viological system or that can be

o

'
-
Q
o
=
=

~

mnoved between such systems. Vector polynuclectides t

coritain elements, h as origins of replicaticon,

polyadenylation signal or selection markers, that function to
facirlitate the duplication or mailntenance of these
polynucleotides 1in a birological system. Exanples of such

N
J.

biclegical systems may include a ¢=ll, virus, animal, plant,

and reconstitutad bkicloglcal systens vtilizing biologicel

cempenents capable of duplicating a vector. The
polynuclentide comprising a vector may be DNA or RNA
rmclecules ¢r a hybrid of these.

The term “expression vectcocr” means a vector that can be
utilized in a biclogical system or in a reconstituted
viological system to direct the translation of a polypeptide
encoded by a volynucleotide sequernce present in the
expression vector.

The term “polynucleotids” means & molecule comprising a
chain of nuclectides covalently linked by a sugar-phosphate
backborie or other egulvalent covalent chemistry. Double and
single-stranded DNAs and RNAs are typical examples of
polynuclieotides.

The term “polvoeptide” or “protein” means a molecule
polyoep £

thet compris=ss at least twe aminge acid residues linked

oeptide bond to form & volyp=otide. Small polyoveptides of
less than 50 aminc acids may be referred to as “peptides”.
Conventional one and three-letter amino acid codes are

uvsed herein as follows:

Amino acid Three~letter code One-letter code
Alanine ala A

b
on



2017202610 20 Apr 2017

w

e

=
w

Ny
w

4C

)

Arginine

Asparagine
Azpartate 28
Cvsztelne cvs
Clutamate glu
Glutamine gin
Glycine gly

>

T
O

~~
{2

OO ™

Histidine his E
isoleucine ile .

Leucine leu L
Lysine iys K
Methionin
Phenylalanine phe E
Proline pro 24
Serine ser s

Threonine thr i
Tryotophan Trp W

Tyrosine tvr Y
Valine va.l v

Compositions of matter

The invention provides antibcecdies specifically binding
ST2L and inhipiting STZL oviological activity, and uses of

such antibodies., The inventors have made a suroprising

finding that antibodies binding to Domain I of hwuman ST2L

(SEQ ID NO: 93) olocck IL-33/ST2L interszsction and inhibit a
spectrum of ST2L klological activities including IL-33-
induced mast cell responsss, whareas antibodies binding
Domain IIL of human STZL (SEQ ID NO: 11) do not obiock IL-
33/8T2L interaction although they are inhibitory in a
spectrum of STZL hiological activities. Domain ILI binding
arntibodies however have reduced or no inhibitory effect on,

=11 responses.

oY in some cases stimuiate lLL-33-induced mast c
In some embodiments described herein, the antibodies

that block IL-32/ST2L interaction and inhibit a spectrum of

5
o

ST2L piological activities including IL-23-induced mast cell
responses pind an epitope within human ST2L Domain I,
(RCPRQGKPSYTVDW,; SEQ ID NO: 210}, and opticnally ST2L amino

acid residues T93 and F34 (residue numbering according to SEQ

]

ID NO: 1).

=
[O))]
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The

mast cell response” or “mast celi activity”
refers to the ILL-33-induced release c¢f cvytckines such as GM-
S¥, 14L-8, 1L-5, 1L-13, and IL-10, and allergic mediators
such asg prostaglandin D, from mast cells.

Tne invention provides novel antigen-binding sites
pinding Domain I of human ST2L as described herein. The
structure for carrying an antigen-pinding site 13 typically
an antivody VH or VL.

The antibodies of the invention as described herein carn
pe isolated human or human-adapted antivody antagonist or

fragment thereof that specificelly binds Doemain I (SEQ ID NO:

9) of human ST2L. An exszmplary antibody bpinding Domein I of
human ST2Z2L {SEQ ID NC: 9) is arn antiboedy SETLMLIS (C2244)

coraprising HCDRL, HCDRZ and HCDR3I sequences of ID NOs:

23, 27 and 31, respectively, and LCDRL, LCDRZ and LUDR3
sequenrces of SEQ I[D NCs: 35, 39 and 43, respectively, or an
antibody €C2494 (STLM62) comprising HODRL, HCDRZ and HCDR3
sequences of SEQ ID NOs: 24, 28 and 22, respectively, and
LCPR1, LCDErZ2 and LCDR3 sequences cof SEQ ID NOs: 34, 40 and

\

44, respectively (Tavle 2. Additionzal exemplary antibodies

)

1la

o

pinding Pomain I of human STZ2L are antivodies shown in Tak
16 and Figure 12, for example antipodies STLM103Z, STLM1O7,
STLM10&%, STLMi23, STLMi24, STLM203, STLM20%, STLMZ21iC,
STLM211, ETLM212, and STLM213. Exemplary humarn antibody
antagonists are shown in Figure 12 and Figure 13, Exemgplary

human-adapted antagenists ars shown in Table 14,

aoribed herein, the clated

In some embediments
human or human-adapted antibody antagonist or fragnent

thereof that specif:caily binds Donairn I (SEQ (I NO: 9) of

human S$12L bilocks [L-33/S72L interaction.

Antibodies can be tested for their apil:ty to block ilL-
33/ST2L interaction by standard ZLISA. For example, plates
are coated with extracellular domain of human ST2L (huST2L-

ECD} and incubated with an antibody, after which binding of

=
-
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biotinvyiated IL-33 onto the vlates is measured. Antibodies
That “block IL-33/ST21l interaction” or “inhibhit IL-33/312L

interaction” are antibodies that in an ZLISA assay u

ing
huST2L-ECD coated plates, reduce the signal derived from
viotinvylated IL-33 bound to the plate by at least 0%, 40%,
50%, ©60%, 70%, 75%, 80%, 85%, 90%, 95%, 956%, 97%, 98%, 99% or

100% at 50 ug/ml antibody coricentraticon wher cox

pinding of IL-33 in the absence of the antibody.

Aritipodies can e tested for theilr irhibition of mast
cell responses py assessing their inhibitory activity on for
examgzle GM~-CSF, 1L-5, IL-1C or IL-13 release by human cord

ploond=~derived wast cells or orimary human lung mast cells

using sta d methods and

rathods exemizlified infra.
Antibodies as dsscribzed herein that “innibit mast cell
resoonse” or “irnhibit mast cell activity” are antibodies that
reduce 1-3 ng/ml 1L-33-induced GM-CSE, 1L-5, 1L-13 or IL-10
secretion by at least 40%, 45%, 50%, 55%, 60%, 65%, 7C%, 75%,
80%, 85%, 90%, 55%, 96%, 97%, 58%, 59% or 100% at a
concentration of 10 ug/ml when compared to mast cells not
treated by the antibedy. Typically mast cells may be derived
from human cord olood or lung parenchyma and small alrways
CD34" vrogeritors oy well known methods and as exemplified

infra, Mast cell culture conditions may affesct ¢

meEasure
of % inhibition for an antibody and therefore culture and
test conditions may ke kept standard vsing for exampls
StemPro-34 media throughout the 6-10 week long
differsntiation orocedure. At 4 days prior to the cytokine

release assay mast cells are stimulated daily with 10 ng/ml

r
i
2

<
-

0 ng/mi -6 and 100 ng/ral SCF. ¥For the cytokine
release assay, mast cells can be resuspvended in fresh
StemfPro-34 media or RPEMI containing 10% OS5 without
antibiotics, with 100ng/ml SCF. Suitable plating densities
for assays are 65,000 to 75,000 cells/(C.16 mis/well.

Exemplary antibodies of the invention as described herein

18



2017202610 20 Apr 2017

]

[N

innibiting mast cell reszponses are antibodies ST , STLMEZ

and STLM2C8. aAntibedy CNTO3914 kinds mouse STZL Domain I
without cross—-reactivity to human STZ2L and inhikits mast cell
responges in mouse cells.

Those =zkilled i the art will appreciate that mast
cell responses also include release of IL-1 and IL-32, and
chemokines such as CCL1, CCL4, CCLS, CCL18 and CCLZ3 ag well

S5

as allergic mediators such as cystelinyl leukotrie:

histamine, as well as a variety of mast cell wmroteases
including tryptase, chymass, carpoxnyeveptidase, and cathepsin
G. Antibodies of the inwvsntion as described hersin can obe
tested for their akility to inhibit these additional mast

Antiocdies of the

cell responses using s

invention binding Domain I of ST2L and blocking IL-33/STZL
interaction as described herein canr be expected to inhibit
these additional mast cell responses at l=aszt 40%, 50%, €0%,
70%, 75%, 80%, 85%, 20%, 95%, 9¢%, 27%, 98%;, 99% or more when
tested at a minimum concentration of 1C ug/ml urnder these
conditions.

The antikodies of the invention as described
herein bind humran STZL with & dissociation constant (Kp)

between about 5xi07** M to about 7x107" M, an on rate

ne

constant (X.,) to human ST2L ketween about 2x10° M 's™ to

about 1%10° M 's™", or an off rate constant (K.fr) tTO

human S71T2L between akout 1x107° s to about 1x107°s ™.

For example, the antikodies of the invention as

am

described herein bind human ST2L with a XKy of less than

A
A-LO

about 7x1i0 M, less than about 1x107'"" M, less than
about 5x107*" M, less than abtout 1i»10™** M or less than
about 5x107Y M.

Fay

The antibodies of the invention as described

herein may cross—rxeact with Macaca fascicularis (cyno)
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ST2L {SEQ ID NO: 2} and bind to cyne ST2L with a
dissociation zonstant {(K;) between akout 3x107°" M to
about 2x3i077 M, an on rate constant (K., to cyno ST2L

-6 18
{

between about 4x10° M7 s™ to about 1x10° M's™ or an off

rate constant (K.re) to cyno ST2L between akout 7x1l “s -
to about 1x107's™'. For example, the antibodies of the
invention as described herein bind cyno ST2L with a Kj
of less than akout 2x107° M, less than about 1x107° M,
less than about 1xz107H° M, less than about 1x107 M or
less than about 2x107'° M.

The affinity of an antibody to ST2L can be
determined experimentally uszing any sultable method.
Such methods may utilize ProteOn XPR36, Biacore 3080 or
KinEx& instrumentation, ELISA or competitive binding
assays known to those skilled in the art. The measured
affinity of a particular antibody/ST2L interaction can
vary 1f measured under different conditions (e.g.,
osmolarity, pE). Thus, measurements of affinity and
other binding parameters {(e.qg., Ky, Ko, Xore) are
preferably made with standardized conditicns and a
standardized buifer, such as the buifer described
herein. Skililed in the art will appreciate that the
internal exror for affinity measurements for exampie
using Biacore 3080 or FroteOn (measured as standard
deviation, SD} can typically be within 5-33% for

measurements within the tyvepical limits of detection.

Therefore the term “about” reflects the typical
standard deviation in the assay. For ezample, the
typical SD for a Ky of 1x10™° M is up to 10.33x10"9M.

The antibodies binding human S$T2L with a desired

affinity and opticnally cress-reacting with cyno ST2L

20
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can be selected from libraries of variants or fragments
by panning with human and/or c¢cyno ST2L and optiorally
by further antibody affinity maturation. Antibhodies
can be identified based on their inhibition of ST2L
biological activity using any suitable method. Such
methods may utilize reporter-gene assays Or assays
measuring cytokine production using well known methods
and as described in the application.

One embodiment of the invention is an isolated
antibody antagonist specifically binding human ET2L
comprising:

a heavy chain complementarity determining region

{HCDR} 1 (HCDR1j}of SEQ ID NO: 160 (X X:X:MXy4);

whereiln

X+ i S, ¥, B, I, G ox V;
X: is Y or Dy

Xy is A, D or 3; and

X; 28 S, ¥ or I,

a HCDR 2 ({(HCDRZ2Z} of SEC ID NOC: 1el

(X IXoG¥E5GXaTHgYADSVKG) ; wherein

X3 13 S8, R, E, G, T, D or A; and
Y

X9 is ¥, D, N, A cor S; and

a HCDR 3 (HCDR3} of SEQ ID NO: 162

(XX WSTEGSFEVLDY) ; wherein

X0 is D, A, R, N, ©, P, E, I, H, S, T or
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Another empodiment of the invention is an isolated
antibaody antagonist specifically binding human ST2L
conprising:

a light chain complementarity determining region

{LCDR} 1 (LCDR1} <f SEQ ID NO: 163 (RASQSVDDX;,LA}:;

wherein

Kiz is A or D;

a LCDR 2 (LCDR2} c<f SEQ Il NO: 908

{DASNRAT} ; and

a LCDR 3 (LCDR3Z} of SEQ ID NO: 164

{COK 12X 14X 15X ¢X12X:¢T); wherein

X5 ds F or ¥Y;

Xig i ¥, I or N;
5 13 N, G, D or T;
e ls W oor A;

P oor deleted; and

>/
3
[

X:¢ 1s L or

The antibodies of the invention comprising the
HCDR1, HCDRZ2, HCDR3, LCDRI, LCDRZ2 and LCDR3 sequences
of SEQ ID NOs: 1€0, 161, 162, 163, 90 and 164,
respectively, can be made by well known mutagenesis
methods using for example HCDRI, HCZDR2, HCDR3, LCDRI,
LCDLR2 and LCDR3 sequences of IEQ ID NCs: 78, 81, 824,
87, 90 and 92, respectively as a template. The heavy
chain CDRs and the light chain CDRs of SEQ ID NOs: 160,
161, 162, 183, 20 and 164, respectively, can be grafted
to human frameworks, such as frameworks described

nfra. The antibodies can be assayed for binding to

fa

ST2L and for their ability to block IL-33/S7T2L

interaction and for other characteristics such as

N3
N
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affinity to human 3T2L and/or cyno ST2L, and inhibition
of mast cell responses using methods described herein.

In one embodiment, an isclated antibody antagonist
specifically btinding human ST2L as described herein
comprises:

the HCDR1 of SEQ ID NOs: 78 or 25-108;

the HCDRZ c¢f SEQ ID NCs: 81, 10S-118 or 128-129;

the HCDR3 of SEQ ID NOs: 84 or 165-185;

the LCDR1 of SEQ ID NOs: 87 or 120;

the LCDRZ «r SEQ ID NOC: 90; and
the LCDRI of SEQC ID NOs: 9% or 131-134.

In another embodimernt, an isolated antibody
antagonist specifically binding human ST2L comprises
HCIR1, HCDRZ, HCDR3, LCDRYI, LCDRZ and LCDR3 seguences
as shown in Figure 10, Figure 11, and Figure 12 and as
described hervein.

Ir another embodiment, an isolated antibody
antagonist specifically binding human ST2L as described
herein comgrises:

the HCDR]1 of SEQC ID NOs: 23 or Z4;

the HCDRZ of SEQ ID NOs: 27 or 28:;

the HCDR3 of SEQ ID NOs: 31 or 32;

the LCDR1 of SEQ ID NOs: 35 or 36;

the LCDRZ oxr SEQ ID NOs: 39 or 40; and

the LCDR3 of SEQ ID NOs: 43 or 44,

In another embodiment, an iscolated antibody
antagonist specifically binding human ST2L as described
herein comgrises HCDR1l, HCDR2, HCDR3, LCDR1, LCDRZ and
LCIR3 seguences:

SEQ ID NOs: 23, 27, 31, 35, 39 and 43,

N
()
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SEQ ID NOs: 24, 28, 3Z, 36, 40U and 44,

respectively; (HEFA CDRs);

SEQ ID NOs: 24, &8, 146, 36, 40 and 147,

resgpectively; or

SEQ ID NCs: 24, 28, 146, 36, 40 and 44,

respectively.

Another embodiment of the invention is an isolated
human or human-adapted antibody antagonist or fragment
thereof specifically binding human ST2L as described
herein, ({(SEQ ID NC: 1) comprising & heavy chain
variable regiocon (VH) comprising a VH framework derived
from human IGHV3-23 (SEQ ID NO: 158), IGEVIL-24*(1 (SEQ
ID NO: 148) or IGHVI-f*{1 (SEQ ID NQO: 149) framework
seguences, and a light chain variable region (VL]
comprising a VL framework derived from a human IGKV3-11
(L6) {(SEQ ID NC: 159), IGEKV3I-15*01 (Lz) (SEQ ID NO:
15C3, IGKVI1I-3*01 (L8} (SEQ ID NC: 151}, IGKV1-5*{]
(Li2) {SEQ ID NO: 152), IGKVI-12*01 (L5) (SE¢ ID NO:
153}, IGRVI-3959*01 {01lZ) (SEQ ID NO: 154), IGRKVI-Z7*01

3

(A20) (SEQ ID WO: 155jcoxr IGKV1-33*01 (Cl8); (SEQ ID WO:
156) framework sequences.

In another emkbodiment, the isolated antibady
specifically pinding Dcmnain I of human STZL as
dezcribed herein comprises a VH comprising a VH
framewcrk derived from human VH 3-23 framewcrk
seguences (SEQ ID NO: 158); and a light chain wvariable
region (VL) comprising a VL framework derived from a
human Vk L6 framework seguences (SEQ ID NO: 159).
Human framework seguences are well known, and typically
include human immunoglobulin germline variable region

seguences Jjoined to the Joining (J} sequences. The
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human VH 3-23 framework amino acid seguence shown in
SEQ ID NO: 158 includes human germline VH 3-23 seguence
Jjoined to IGHJ4 and the human Vk L6 framework arino
acid sequence shown in SEQ ID NO: 159 includes human Vi
L& germline segquence joined to IGKJl as described in
Shi et al., J Mol Biopl 397:385-8¢, 2010; Int. Pat.

.S. Pat. Publ. No.

h 7

Publ. No. W02002/085462; and U
tibodies having a VH

UsS2010/0021477. Exemplary an
seguence derived from human VH 3-23 and a VL segquence

derived from human VK L& are those shown in

and Figure 13.

Human or human-adapted antibodies comprising heavy
or light chain variable regions “derived from” a
particular framework or germline sequence refer to
antibodies obtained from a system that uses human
germline immunoglobulin genes, such as from transgenic
mice or from vhage display libraries as discussed

\

infra. An antibody that is “derived from” a particular
framework or germline seguence may contain amino acid
differences as compared to the seguence it was derived
from, due to, for example, naturally-occurring somatic
mut:ations or intentional substitutions.

I arother embodimerit, the isolated human or human-
adapted antibody antagonist or fragment therecf that
specifically kpinds Domain I (SEQ ID NC: 9) of human STZ2L as
descriped herein competes for pinding to human ST2L {SEQ ID
NO: 1) with an i1sclated antibody comprising a heavy chailn
variable region (Vi) of SEQ ID NO: 47 and & light chain
variable region (VL) of SEQ ID NO: 51 {antibody ©2244) .

In ancther embodiment, the lszolated antibody of the

invention as described hereinrn binds humaen ST2L at amino acid

N
wn
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rezidues 35-48 of SEQ 1D NO: 1 (RCRPRQGKESYTVDW; SkQ L1} NO:

210} . The antibody as described herein may further bind

human 81254 at amino acid residues 193 and 94 of SEQ LD NO:
Competition between swecific binding to human ST2L with

antivodies of the invention as described herein comprising

certain HCDR1, ECDRZ and HCDE3, and LCDR1, LCDR2 and LCDR3

amino acid :nCces or comprising certain VE and VL

Gz

3

sequerices can be assayed in vi

ro using well krnown methods.

~oa

t
For example, binding of MSD Sulfo-Tag ™ NES-ester-labeled
antiboedy te human ST2L in ths pressace of en uniabeled

3

ant.ivody can be a

oy &LISA, oy Blacors enalyvses cr

flow cytometry may e used to damonstrate compe

the antlibodiss of the curre

invention. The gbility of a
test antibody to inhibit the binding of C2Z44 to human ST2L
demonstrates that the test antibody caen compete with these

antibodies for pinding to human ST2L.  Such exemplary

w

antibodies are €249%4, STLM208 and STLM213 shown in Table

and Figure 13.

Antibodies competing with C2244 for phinding to Domain I

D

of ST2L as described herein olock IL-33/ST2L interaction and
innhizlbit & spectrum ¢f ST2L biological activities, including

IL-33-induced mast cell responses. A non-neutralizing {(i.e.
nen—-inhibiting) epitope 1s also present on 3T2L Domain I, as
a second antibody competition group {revresented by antibody
C2240 whnich pinds BDomeiln L of ST2L, does not compete with

C2244, and

does not inhibit ST2L signaling) .

Antibodies of the invention as described hareiln binding
specific STZL domalns or epitopes can be made by immunrizing
mice expressing human immueaoogiobulin loci (Lonberg et al.,

Nature 368:8%6-9, 1994; #is

wild et al., Nature 3Biotechnoliogy
14:845-51, 1996; Mendez et al., Nature Genetics 15:146-506,
1997, US. Pat. Nos. 5,770,429, 7,041,870, and 5,939,558) or

Balb/c mice with the peptides encoding the epitoves, for

N
[O))]
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example a veptide having an amiro acid seguence of Domain I
of human S$9V2iL:

KESKOSWGLENEALLIVRCPROGRPSYTVDWY Y SQUNKS LY

NRVEASGOLLARFLPAAV

ADIGLYTCIVRSPTENRTGYANVTIYAKQSDCNVPDY LMY STV (SEQ ID NO: 9),
or a pertide having an amino acid sequence of KRCPRQGKPSYTVDW
(SEQ ID NO: 210}, and using the hybridoma methnod of Aohler et
al., Nature 256:495-97, 1975. The resulting antibodies are
tested for their kinding tce the epitope using standard
methoeds. For example, when the structures of both individual
components are known, in silico mroteilin-protein decking can
ve carried out to identify compatible sites of interaction.
Hydrogen-deuterium (H/D) exchange can he carvied out with the
antigen and antibody complex to map regicns on the antigen
thet may be bound by the antibody. Segment and point
mutageres:s of the antigen can be used to locate amino acids
impaortant for antibody kinding. The identified mébs can
further be modified by incorvorating altered framework

support residues to vreserve binding affinity by techniques

3
¢}

such as those disclosed in Queen et al., Proc Natl Acad Sci

=d
{USA) €6:10029-32, 1929 and Hodgson et al., Bio/Technology
$:421, 1991,

The antibodies of the invention as described
herein may be human or human-adapted. The antibod:ies
of the invention as described herein may be of IgA,
IgDb, gk, Ig& or IgM type.

Antibodies whose antigen-iinding site amino acid
sequences are substantially identical to those shown in
figure 10, Figure 11, ¥Figure 12, lFigure 13, ¥Fiqgure 15, Table
3, Tablie 9 ard Table 12 are encompassed within the scovre of
the irnvention. Typically, this involves one or more amino
acid substitutions with an amirno acid having similar charge
or hydrophobic or stereochemical characteristics, and are

made to improve antibody properties, for example stability or

-J

N
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affinity. For ezamole, a conservative substitution may

involve a substitution of a native amino acld residue with &
ronrative residue such theat there 1g little or no =ffect on
the volarity or charge of the amino acid residue at that

vosition. Furthermore, any rative residue in the volyreptide
may also be substituted with alanine, as has been previously
alanine scanning mutagenesis (MacLennan et al,
Scand Suppl 643:55-67, 1998; Sasaki et al., Adv

=24, 1998). Desired amino acid substitutions

J

{wh r conservative or non-conservative) can be determined

stitutions

oy those skililed in ths art at the time such sut
are desirad. For exzemole, amino acid substitutions can be
used to identify reszidues important for the function of the
antibodies, such es siduss affecting affinity, or rasidues

re
that impart undesiresable vroperties such as aggregation.

o

)

Ezemplary amino acild sulrstitutions are shown in Figure 12
Figure 13.

Substitutions in the framework regions, in
contrast to antigen binding sites may aiso be made as
long as they do not adverszely afifiect the propertiesz o
the antibody. Framework substitutionz can be made for
example at the Vernier Zone residues (US. Pat. No.
5,649,055) to improve antibody aifinity or stability.
Substitutions can also be made at those framewcrk
positions in the antiboedy that differ in seguence when
compared to the homwologous human germline gene

seguences to reduce possible immunogenicity. These

mocdifications can be done for example to antibodies
derived from de novo antibody libraries, such as piX

libraries.

Corservative emino acid substitutions a £NCCMOass
nen-naturally ocourring emino acid residues which are

typically incorporated by chemical peptide synthesis rather
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than by synthesis in biclogical systems. Amino acid
substituticns can be done for example by PCR mutagenesis (US

Pat. No. 4,633,195). Libraries of variants can e

using well krnown methods, for exzample using random
non-random codons, for example DVX codons, which encode
aminoc acids (ACDEGKNRSYW), and screening the libraries or
varrarnts with desired properties.

A

lthough the embodiments illustrated in t

@ Bramoles

-

comprise pairs of variable regions,

of full lengtnhn
antivody chains, or pairs of CDR1I, CDRZ and CDR2 regions, one
from a heavy chain and ons from a light chain, a skillied
artisan wiil recognize that alternative ewmbodimsznts may

comorisa

neavy chein variable regions or single light

chein vard e reglons, singie full length entibody chains,
or CDRLI, ChRZ and CLhR3 regions from cne antiboedy chain,
either heavy or light. 7The single variable region, fuil
ilength antibody chain oxr CDRL, CDR2 and CDR3 region of one
chain can be used to screen for corresponding doma&ins in
another chain, the two chains carable of forming an antibody
that specifically binds ST2L. The screening may be
accomplished by vhage disolay screening methods uvsing, e.g.,
a hierarchical dual combinatorial approach disclosed in PCT

Publ. No. WC1992/01047. In this aovproach, an individual

colony containing either a H or L chailn clone 1is used to

infect & complete likrary of clones encoding the other chain

(L. or H), and the resulting two-chain specit antigen-

bix

ing domain is selected in accordance with phags dis
technigues as described.

The inventicn provides for isolated VH and VL domains
of the antibodies of the invention as described hersin and
antibodies comprising certain VE and VL domainz. VH and VL
variable regions for certain antibodies of the invention as

described herein are shown in Figure 13 and Table 12.

N
O
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One embodiment of the irnvention is an lsolated human or
human—adaoted antibody antagonist or fragment thereof that
soecifically binds Domain i (SEQ LD NO: 9) of humanr ST2L
comprising the VH &t least 90% identical to the VE of SEQ ID

5 NO: 191.

Another embodiment of the invention is an isolated
human or human-adapted antibody antagonist or fragment
thereof that swecifically kinds Domain I (SEQ ID NO: 9) of
human STZL comprising the VL at least 84% identical to the VL

1C of SEQ ID NO: 209.

‘.—'
[

In soms embodimants dascribed herein, he 1nvention

provides for an antibody comprising the VH of SEQ ID NOsz:
143, 144, 145, 16, 187, 188, 18%, 180, 1%1, 192, 193, 184,
195, 1%6, 197, 198, 19%, 200, 201, 202, 203, 204 or 205S.
15 Irn some embodiments described herein, the invention
provides for an antibody comorising the VL of SEQ ID NOsz:
135, 136, 137, 138, 139, 140, 141, 142, 206, 207, 208 ox 209.
In some embodiments described herein, the invention
provides for an antibody comprising
20 the VH of SEQ ID NOs: 186, 187, 127, 138, 193, 20C,
201, 202, 203, 204 or 205 and the VL of SEQ ID NO: 206;
the VH of SEQ ID NOs: 195 or 196 and the VL of SEQ
ID NO: 207;
the VH of SEQ ID NOs: 183, 189 or 190 and the VL
Z25 of SEQ ID NOC: 208; or
the VE of SE¢ ID NOs: 187, 191, 192, 192 or 194
and the VL of SEQ ID NO: 209.
Another embodiment of the invention an isolated human
or human-adapted antibody antagonist or fragment
a0 thereof that specifically binds Domain I (SEQ ID NO: 9)
of human ST2L conprising:
the HCDR1 of SEQ ID NO: 97:
the HCZDRZ2 of SEC ID NO: 114;
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the HCDR3 of 3ZEQ ID NO: 84;

the LCDR1 of SEQ ID NO: 130;
the LCDEZ of SEQ ID NO: 80,

the LCDRZ of SEQ ID NC: 124; or

the VH of 3SEQ ID NO: 191 and the VL of SEQ ID NO:

209.

Humar mAbs lackir ng any non-human s cquences Can be

oreovared and ootimized from phage display libraries

technigues referenced in, e.g., Knappik et al., J Mol Biol

296:57-8%, 2000; and Krebs et al., J Immurnol Meth

oy

54:67-84

2001. Inn an exemplary method, the antibodies of the

invention are 1isolated from libraries expressing an

heavy and light chailn variable regions as fu

o

with bacteriophage plX coat protein. The antibody

.

are screened for binding to human ST2L-5CD arnd the

positive clones are further characterized, the Fabs

tipody

ion proteins

libraries

cbtaire

isolat

rom the clore lysetes, and =xpressed as fuli length IgGs.

Eremolary antibody libraries and screening mathods

i et al., J Mol Biol 397:385-9¢, 201

descrioned in 8

Pat. Publ. No. WOzZ009/085462, and U.5. Ser. No. 12

~

ar:z

0, Int.

/546850,

U.8. Pat. Nos. 5,223,402, 5,969,108, and 5,885,793}.

The resulting mAbs can further e modifzed in

their

framework regions to change certain framework residues to

those present 1in a matching human germline.

Immune effector properties of the antibodies of the

inventza nced or silenced through ¥Fc

modifications by techniques known toe those skilled

art. For examplie, ¢ effector functions such as Ci

in the

d

e

q binding,

complement dependent cytotexicity (CDC), antibody-dependent

celi-mediated cytotoxicity (ADCC), ob

.

reguletion of c=

surface receptors (e.g., B

BCRY, etc. can be provided end/or contrelied by modi

residuss in

agecytosis, down

‘ying

the Fc resocnsible for these activities.
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Pharmacokinetic oroperties could aiso be enhanced by mutating
residueg in the Fc domain that extend antilrody half-life
(Strohl Curr Opin Bictechnel 20:685-921, 2009). Exemnplary Fc
modifications are IgG4 S228P/L2Z24A/L235A, IgG2
M252Y/3254T/T256¢E (Dall’Acgua et al., J Biol Chem 281:23514-
24, 2006; or IgG2 V234A/G237A/P2385, V234A/G237A/H268Q,
H268A/V309L/A33CS/P331 or
V234A/G237A/22385/E268A/V309L/AZ308/P331S on IgG2 (Intl. Pat.
Appl. No. WGC2011/066501) (numbering according to the EU
rumpering; .

Additicnally, antibodies cof the inverntion as des:

ribed

hersin can i post-translationally modified by proceszses such

as glycaesylation, igomsrization, d=glycesylation or non-

naturally occurring ceovalent medification such as the

addition of vclyethylerne giycol mcieties {(pegylation) and
lipidation. Such modifications may occur In vivo Oor in
vitro. For example, the antibodies <¢f the invention as
described herein can be conjugated to volyethylene glycol
(PEGylated) to improve thneir vhrnarmacokinetic profiles.
Corijugation can be carried out by techniques known to those
skilled in the art. Conijugaticon of therapeuvtic antiizodies
with FPEG has ixeen shown to enharnce pharmacodynamics while not
interfering with function (Xnigh et al., Platelets 15:409-1%,
2004; Lecng et ali., Cytckine 16:106-19, 2001; Yang et al.,
Protein Eng 16:7¢1-70, 2003} .

Antibodies or fragments thereci of the invention
as described herein modified to improve stability,
selectivity, cross-reactivity, affinity, immunogenicity
or other desirable biclogical or bicphysical property
are within the scope of the invention. Stability of an
antibody 1is influenced by & number of factors,
including (1) core packing of individual domains that

affects their intrinsic stability, {(2) protein/protein

)

(08
N



2017202610 20 Apr 2017

(@

10

N
w

interface interactions that have impact upon the HC and
LC pairing, {3} burial of polar and charged residues,
{4) H-bonding network for polar and charged residues:;
and {(5) surface charge and polar residue distribution
among other intra- and inter-molecular forces {(Worn et
al., J Mol Biol 305:98392-1010, 2001}. Potential
structure destabilizing residues may be identified
based upon the crystal structure of the antibody or by
molecular modeling in certain cases, and the eifect of
the rezidues on antibody stability can be tested by
generating and evaluating variants harboring mutations
in the identified residues. ©One of the ways to
increase antibody stability 1is to raisze the thermal
transition midpoint (Tm) as neasured by differential
scanning calorimetry (DSC). In general, the protein Tm
is correlated with its stability and inversely
correliated with 1ts susceptibility to unfolding and
denaturation in solution and the degradation processes
that depend ¢n the tendency of the protein to unfold
{Remmele et a2!., Biopharm 13:3¢-4¢, 2000). A nurber of
studies have found correlation between the ranking of
the physical stability of formulations measured as
thermal stability by DSC and physical stabpiiity
measured by other methods (Gupta et al., AAPS PharmSci
588, 2003; Zhang et al., J Pharm Sci 93:307¢-89, 2004;
Maa et al., Int J Pharm 140:155-68, 1996; Bedu-Addo et
al., Pharm Res 21:1353-61, 2004; Remmele et al., Pharm
Res 15:200-3, 1%97). Formulation studies suggest that
& Fab Tm has impliication for long-term physical
stability of a corresponding mAb. Diiferences in amino

acids in either framework or within the CDRs cculd have

)

‘
A
[S9)]
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significant effects on the thermal stability of the Fab
domain ({(Yasui et al., FEBS Lett 353:143-6, 1994).

Antibodies of the invention soecifically biodiag Domain
I of humen S35T21. as descriped herelin cen be engineered into

pispecific antibodies which are also =2acompassed within the

score of the invention. The VL aond/or the VH regilioans of the
antibodies of the invention can be engineered using oublished
methods into single chain bisvecific antibodies as structures
such as TandAb® designs {(iot. Pat. Publ. No. WCi829,/5715C;
U.S. Pat. Publ. No. US2011/0206672) or into bisvecific sckFvs
as structures such as those disclosed in $.S. Pat. No.
US5869620; Int. Pat. Publ. No. wW01995/15388A, 1nt. Pat. Publ.
No. W(1927/14719 or Int. Pat. Publ. No W(2011/036460.

The VL and/or the VH regicna of the antibodies of the
invention as descrived herein can be englneered into

ovisvecific full length antibodies, where each antiboedy arm

vinds a distioct entigen or epltope. Such bis

antiboediaes

mads by modulatiog the

int. vetwesn the twe an

ibody heevy cheios to form
oisveciflic antlocdies using techoclogles such as those
deszcribed in U.S. Pat. No. US76959236; iot. Pat. Publ. No.
wW004/111233; U.S. Pat. Publ. No. U520106/0015133; U.S. Pat.
Publ. No. u$2007/0287170; int. Pat. Publ. No. W0O2008/119353;
U.S. Pat. Publ. No. US2009/0182127; UJ.S. Pat. Fubl. No.
UsS2010/0286374; G.5. Pat. Publ. No. US2011/0123532z; Int. Pat.
Publ. No. WC2011/131746; Iot. Pat. Publ. No. W(02011/143545;

or U.S. Pat. Publ. No. U32012/014987¢. Additional bispecific
structures inte which the VL and/cor the VH regions of the

antibediss ¢f the invention can be incorporated are for

example Dual Variable Domain Immunoglolzulins {Int.
No. WC2009/134776), or structurass that include various
dimsrization domalns to connect the twoe entibody erms with

different specificity, such as leucine r or collagen
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dimerization domains {(int. Pat. Publ. No. W(C2012/022811, U.S.
Pat. No. U55932442; U.S. Pat. No. USoe33441).

Arother aspect of the invention is ar isclated
polynucleotide encoding any of the antibody heavy chain
variable regions or the antibody light chain variable regions
or fragments thereof of the invention or thneir complement.
Certain exemplary polynrucleotides are disclosed herein,
however, other polynuclectides which, given the degensracy of
the genetic code or codon preferences 1in a given exXpression
system, encode the antibody antagonists of the invention are

also with the inventicn. Exenplary

pcelynuclentic inventicn are thess shown in SEQ ID
NOs: 211, 212, 213 and 214.

Another embodiment of the invention is a vector
comprising the polynucleotide of the invention. Such
vectors may bhe plasnid vectors, viral vectors, vectors
for baculovirus expression, transposon based vectors or
any other vector suitable for introduction of the
polynucleotides of the invention into a given organism
or genetic kackground by any means.

Another embodiment of the invention is a host c=ll
conprising the polynucieotide of the invention. Such
host cells may be eukaryotic cells, bacterial cells,
plant cells or archeal cells. Exemplary eukaryotic
cells may be of mammalian, insect, &vian or other
animal origins. Mammalian eukaryotic c21lls include
immortalized cell lin=s such as hybridomas or myeloma
cell lines such as SP2/0 (American Type Culture
Collection {(ATCC), Manaszsas, VA, CRL-1531), NSO
(European Collection of Cell Cultures (ECACC},
Salisbury, Wiltshire, UK, ECACC No. 851134503}, FC (ATCC

CRL-1¢46) and Age53 (ATCC CRL-1580) murine cell lines.

O8]
(@3]
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An exzenmplary human myeloma cell line is U266 {(ATTC CRL-
TiB-~196). Other useful cell lines include those
derived from Chinese Hamster Ovary (CHO) cells such as
CHO-K18V (Lonza Biologics, Walkersville, MD), CHO-KI1

TCZ CRL-61) or DG44.

Arother ewbodiment of the invention is a m=

producing an antibody th

soecificaliy binds Bomein I of

ST2L, comprising culturing & host <ell of the invention and

recovering the antibody produced by the host cell. Methods

of making antibodies and purifying them are well known in the

art.
Another embodiment of the invention of a method of
inhibiting interaction of ST2L with IL-33 in a subject

comprising administering the subject an antibody specifically
vinding domain I of ST2L in an amount sufficient to inhibit

interaction of ST2L and IL-33.

Methods of Treatment

ST2L antagonists of the invention as described herein,
for example 3T2L antibody antagonists blocking IL-33/ST2L
interaction and vinding Domain I cof ST2L, antibodies that
compete for binding to nhuman STZL (S2¢ ID NC: 1) with an

solated antibody cowprising a heavy chaln variable region of

SZ¢ ID NC: 47 and a lignt chain variable region of SEQ ID NO:

2]

oy
—

; or antibodiss oinding human ST2L at amince aclid residues
35-48 of SEHC LD NGC: 1 (RCPROGKPSYTVDW; SEQ ID NO: 210} may b=
utilizad to modulate the xmmune system. Antibodies of the
invention as described herein may be more efficient in
antagonizing 3TZL kiological activity when compared to

antilbbodies binding othexr domains and/or regions on SI2L as

the antibodiss of the invention are able to more efficiently
reduce iLL-33-induced mast cell responses. Any antibodies of

the inventicon can be used in the methods of the invention.

(O8]
b}

1%
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Exemplary antibodies that can be used in the methods

ot

o
L1

of
inventicn arve antibedies STLMe2, STLM1S, STLM1I03, STLM1O7,

STLM10g, STLMIZ3, STLMiZ4, STLM206, STLM207, STLMICE,

STLM209, STLM210, STLM211, STLM212, STLM213. Without wishi

to be bound by any theory, 1t 15 suggested that antibody
antagonists that bind Domairn I and block IL-33/ST2L
interaction may inhibit formation of the IL-1RACE/IL-
33/ST2L/cKit complex or downstream signaling on mast cells,
whereas Domain III ixinding antibodies, while eing able to
inhibit recruitment of IL-1RAcP tc the STZL/IL-33 complex,
may he unabkrle to disyupt the formaticn ¢f the larger IL-

IRACP/IL~-33/812L/cKit comolex soecifically fournd on wast

roarray anelysils conducted suppcrts the suggestion
as 1t was demonstrated that anti~SYT2L Domain L binding

antipodies suppreszed the majority of mast cell signaliang

pathways ianduced by 1L-33, and that anti-ST2L Domain IIl
pinding antibedies were only able to inhibit & small subset
of these signaling zathways. It is feasible that because IL-
33 binds to ST2L prior to the association of the accessory
protein IL-1RAc?, blockade of IL-33 binding to ST2L by Domain
I-binding antiiodies could prevent association of any other
accessory wprotein, including cKit or as-yet uvnidentified co-
receptors. Domain III-ixinding antilrodies, which do not
interfere with IL-33 binding to STZL, could theoretically
block IL-1RAcCP asscciation but not the asscciation of other
ce-receptors, including as-yet unidentified co-receptors.,
Muitiple models have been prowosed for how IL-1RAcCPF interacts
with the IL-1/IlL~1R cr ST2L/iL-33 complexes (Livgel =t al.,

Structure 72 1398-14310, 20C9; and reviewed by Thomes =t

al., Nat Struct & 19: 455-457, 2012} . These

models ind Li~1RAcC? could pind to one side of the
complex, but which side has not been conclusively shown.
Therefore it is feasible that the ‘other side’or ‘free side’

of the complex is available for association with arn alternate

)
~J
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co-receotor, that would not be blocked by a Domairn ILL
antiiody, and off~target effects such as increased
recrultment of ancther co-receptor, resulting in increased
signaling, is possible.

In the methods of the invention, any antibody

antagonist specifically binding Domain I of human ST2L,

.

antibody antagenist rvlocking IL-33/3TZ2L interaction an
pinding Domain I of human ST2L, antivodies that competes for
Linding to human ST2L (SEQ ID NO: 1} with an isolated
antivody comprising a heavy chain variavle region of SEQ ID
NO: 47 and & light <heiln variable region of SEQ I[D NC: 51, or

antibodies b haran STZ2L at amino acid residues 35-48

of SEQ ID NC: 1 (RCERQGRPSYTVDW; SEQ ID NO: 2Z1C) may be utsed.

Additinnel characteristics of suoch antibodies include a

-33/8712L interaction and to

of the antibody to block
inhikit humen mast cell responses.

iherefore, antibodiegs of the ianvention are suitadble
for treating a spectrum of STZL-mediated conditions, S512L-
mediated inflammatory conditions and conditions where
inhibition of mast cell responses 1s desired.

The methods of the invention may be used to treat an
animal matient pelonging to any classification. Examoples of

N

slude mammals such as humans, rodents, dogs,

such animals in

cats & farm animals., For example, the antibodies of the

invention are useful in the orcohylawis and treatment of
ST2i~mediated conditionrs, such as inflammatory diseases
including asthma, airway hyper-reactilvity, sarcoidosis,
chronic cbstructive pulmonary disease (COPD), idicoathic
ovulmorary fibrosis (1P}, oystic fibrosis, inflammatory bowel
disease (ikD}, rheumatold arthritis, eosinophil:c
esoprhagitis, scleroderma, atopic dermatitis, allergic
roinitis, dullous pemphigoild, chronic urticaria, diabetic
nephropathy, interstitial cystitis or Greaft Versus Host

Disease (GVAD). The antibodies of the invention are useful

38
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the oroohviaxis and treatment of immune diseases mediated

at least in part by mast cells, such as asthma, &czema,

allergic rhinitis, allerg:c coniunctivitis, as well as
autoimnune diseases such as rheumatoid arthnritis, hullous
vemphigoid and multiple sclerosis.

The antibodies of the invention and are also useful in

¢f a medicament for such treatment, wherein

is prepared for administration in dosages

wlay a central role in allergic inflammation

hma through their rel=zas= of a variety of mediators

(reviewed by Awin, Resoir Med 106:9-14, 2012). ESTZL 1is

highly exores: cn mast cells and its activation

szypression ¢f many proi ammatory cytokines and other

mediators. Inhibition of ST2L activity is proposed to

interfere with mast ceil mediated inflammatory cell
recrultment and to modulate chronic inflammation.

Mast cells are rapid resoonders to stimulation,
including allergen, coid ailr, patnogen; damage to the
eplithelium by these stimuli can result in release of IL-33
(reviewed by Zhao and Eu, Cell & Molec Immunol 7: 260-2,
2012). Mast cells relsase leukotrienes, nhistamine,
prostasiandins, and cytckines to increase vascular
vermeaolility and bronchoconstriction, and recruit other
immune cells such as neutrophils, ecsinophils and T
itymohoecytes toe the gitse (Henderson ef al., JEM 184:1483-94,
1996; White et ai., JACL 86:599-605, 1990). Additionaily,
they enhance imaune responses by inducing adhesicon moiecule
vpregulation on endothelial c¢elis to increase immune cell
trafficking (Meng et al., J Cell Phvsiol 165:40-53, 1995).
Mast ceils play an important roie in alrway remodeling; in
asthmatics, an increased number of mast cells iz found within

the alrway smooth muscle (AZM) cell laver, anrd secrete
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mediators to oromote ASM oroiiferation {reviewed by Okayama

et al., Curr Opin Immunrol 19:687-93, 2007).

Inflammatory pulmonary con 15 an example of an
inflammatory condition. Exemplary inflammatory oulmonary
corrditions include infection-induced pulmonary conditions
including those associated with viral, bacterial, fungal,
varasite or orion infections; allergen-induced oulmonary

1as

conditions; pollutant-induced pulmonary conditions suct
asbestosis, silicosis, or perylliosis; gastric aspiration-

induced pulmonary conditions, immune dysregulation,

ion suoh o as

flammatory conditicns with genetic predizpos

cystic fibrosis, and trauma-induced oulmonary

conditz

injury. These inflammatory
condltions alsce include asthma, emohysema, bronchitis,
chronic obstructive oulmonrary disease (CCPD), sarcoidosis,
histiocytosis, lymephangiomyomatosis, acute lung injury, acute
resoiratory distress syandrome, chronic lung disease,
broncropulmenary dysplasia, community-acqguired pneuvmonié,
ncsocomial prnieumonia, ventilator -associated pneumonia,
sepsis, wvirel pneumonia, influenza infectiorn, parainiluenzea
infection, rotavirus infection, human metapneumovirus
infection, respiratory syncitial virus infecticon and
Aspergillus or cother fungal infections. Exemplary infection-
assocliated inflammatory diseases may include viral or

bacterial oneumonia, including severe gpneumonia, cystic

conchitis, alrway exacervaticons and ac

infaction-

respiratory distress syndrome (ARDS) .
assocliated conditions may involve multiple infections such as
a primary viral infection and a secondavy bacterial
infection. Dysregulated SYT2iL signaiing may olay a role in
the cathology of pulmornary diseases such as asthma and
Cnronic Obstructive Pulmonary Disease (COPD) {(reviewed in
Alcorrn et al., Annu Hewv Pnysiol 72:495-51¢, 201C). Commonly

used arimal models for asthma and airway inflammation include

40



2017202610 20 Apr 2017

>

D

Ny
w

)

(]

W

the ovaibumin challenge model, methachcline sensitizaticon
pe] 7

"\A
s
e
9)

models and sensitization with Aspergil

et al., &ur J Pharmacol 293:401-12, 1995).
cytokine and chemokine production from cultured human
bronchrial epithelial cells, bronchial fibroblasts or airway
smooth muscle cells can also be used as in vitro models. The
administration of antagonists of the present invention to any
of these models can ire used to evaluate the use of those
antagenists to ameliorate symptoms and alter the course of
asthma, alrway inflammation, COPD and the like,

Asthma 1s an irnflammatory disease of the lung that 1s

Cheracterized by alrway hyperresponsiveness (“AHR"}),

orovchoconstriction, wheezing, =sosincophilic or neutrcoohiiic

inflammation, mucus hypersecret suinepithalaal filirosis,

and elevated igk levels. Patlients with asthma experience
“exacerbations”, a worsening cf symotoms, most commonly due
to micreobial infections of the resvpiratory tract (e.g.
rhinovirus, influenza virus, Haemophilus influenza, etc.}.
Asthmatic attacks can be triggered by envirormental factors
(e.g. ascarids, insects, animals {e.g., cats, dogs, rabbits,
mice, rats, hawsters, guinea wigs and oirds), fungi, air
volliutants {e.g., tovacco smoke}, lrritant gases, fumes,
vapors, aerosols, chemicals, @mollen, exercise, or cold ailr.

Apart from asthmé, several chronic inflammatory diseases

affecting the lung are characterized by neutrophil

filtration toe the

Ltrwavs, for exawmple chronic cobstruc

cteriail oneumcnia end cystic
fibresis (Lindern et al., Eur Respir J 15:973-7, 2000; Rahman
et al., Clin Immunol 115:263-76, 2005), and diseases such as
SOPDR, allergic rhinitis, and cystic fibrosis are
Cheracterized by alrway hyperresponsiveness (Fahy and

O’ Byrne, Am J Respir Crit Care Med 162:822-2, 2001;.
Commoniiy used animal models for asthma and airway

inflammation include the model of methacholine challernge
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after ovalbumin sensitization and challenge (Hessel =2t al.,
Euar J Pharmacol 293:401-12, 1995). Inhibition of c¢ytokirne
and chemokine production from cultured humen bronchizal
evitnelisl cells, bronchial fibroblasts or airway smooth
muscle cells can alsc be used as in vitro models. The
administration of antibody antagonists cf the present
invention te any of these models can be used to evaluste the
use of those antagonists to smelicrate symptoms and slter the
course of asthma, sirway inflammation, CCPD and the like.
IL-33 signaling through the ST2L receptor on TH2
cells, basophils, mast cells, and the newly described
Innate Lymghcid Type Z Cells results in IL-5 and IL-13
(type 2 cytokine) secreticn (ILCs reviewed by Spits et
al., Nature Reviews Immunology 13:145-149, 2013).
Beneficial effects of theragmeutics targeting IL-5 or

IL-13 in asthma confirm the relevance of these

/\l
H

rathways. IL-5 activates eosinophils, and treatment
a subgroup of severe asthmatics with sgutum
eosinophilia with a monoclonal antibody that
neutralizes IL-5 resulted in fewer exacerbations (Nair
et al. N Engl J Med. 2009; 360(10):985-%3). 1IL-13 1is
reported to contribute to IgE synthesis, mucus
secretion and fibrosis. Treatment of severe asthmatics
with an anti-1L-13 monoclonal antibody resulted in an
improvement in lung function, with a subgroup
demonstrating a greater improvement (Corren et al., N.
Engl. J. Med., 365:1088-1098, 2011}. Other mediators
of differential lmmunclocgical pathways are also
involved in asthma pathogenesisz, and blocking these
mediators, in addition to $ST2L, may offer additional
therapeutic benefit. Therapies that target multiple

type 2 cytokines, or pathways upstream c¢f type 2
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cytokine production, could be beneficial in severe
disease.

The VE and the VL domains of the ST2L arntibodies
of the invention may be incorporated into bispecific

antibcdies and molecules descrited herein, in which the

bispeciiic antibody specifically binds Domain I oI ST2L
and a second antigen such as TELP {(thymic stromal
lympohpoietin}, IL~-25, IL-17RB or TSLPR.

IL-2% anrd like IL-33, trigger typs 2 cytokine

rel=sass via distinct signaling comolexes: IL-25 {(IL-17&) 1z a

memober of the IL-17 familyv anrd sigrals through IL-17RA/LL-

)]

17RB, and TSLP is memizer of the IL-7 family and signrals
through the TSL2R/IL-T7Ru hetercdimers {(reviewed by Koyasu et
al.,, Immunol 132:475-481, 20il1ly. Animals deficient irn 1L-33,
ST2L, IL-25, I1L-17RRB, TSL?, or TSLPR demenstrate less severe
alrway inflammeticn in at least cne of many differsant types
of mcuse mcdels cof asthma; however iack of protecticn from
alrway infilammaticn may be rresent in most of these animal
mcdels, raising the rossibility that exposure of the
erithelium to various allergens cr pathogens couid trigger
release of 1L-33, 1L-25, and TSLP concomitantly. Eammad et
al. reported that administration of house dust mite extract
tc mice resulted in the release of 1L-25, TSLP and IL-33 (as
well as IL-5 and IL-13 downstream of IL-33) into the airway
(Hammad et ali., Nat Mad 15:210-216, 2009). This suggests

that blocking STZL and TSLP and/or I1L-25 may have beneficial

<
te}

effects, particularly in severe alrway disease,

Irn arother ewmbodiment of the invention the

-

antagonists gspecifically binding Domain I of hun

be vzed to generate bispecific molscules

TSLP, ST2L and iLL~25, ST2L and TSLPR, ST2L and

ST2L and IL-17RB.

i
[#%)
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Irn arcther embodiment of the invention, the arntiobody

antagorists specifically bar g bomain I ¢f human ST2L 1s &
bigpecific antibody, wherein the antibody further binds TSL2,
IL-25, TSLPR, IL-178#A or IL-17RB.

TSLP, IL-25, TSLPR, IL-17#A and IL-17#B binding
antibodies can be generated using methods described herein,

such &s  immunizing mice

pressing human immunoglokuiin loci
{Lonberqg et ali., Nature 368:856-9, 1994; Fishwild et ai.,
Nature Biotechnology 14:845-51, 19%¢; Mendez et al,, Nature
Genetics 15:146-56, 1997, US. Pat. Necs. 5,770,429, 7,041,870,
and 5,939,598) or Balk/c mics with the corresponding oroteins

or extracallular deomelrs of the proteins, cr using phage

disolay libraries as describad hersin., Alternatively,

szyzisting antibedies to TSLP, IL-25, TSLPR, [L-17RA and IL-

17RB can be used to genrnerate the hispecific nclecules.
Ezemelary IL-25 antibodies that car be used are thnose
described in for example int. Pat. Publ. No. WC2011/1235C7.
Arthritis, including ostecarthritis, rheumatoid

arthritis, arthritic joints as a result of injury, and the
like, are common inflammatory conditions, which would bensfit
from the theramsuotic use of anti-inflammatory proteinsg, soch
as the antagonists of the present invention. Activation of

ST2L signaling may verpetuate inflammation and furtner tissue

damag= 1in the inflamed Jjoint. Several aniwmal modsls for

raeumatoid arthritis &are known. For exammle, 1in the

coliagen-induced arthritis (CIA) wodel, mice develop chronic
inflammatory arthritis that cleosely resemixrles humen

rheumatelid arthritis. ST2L-deficiant (ST2KC) m:

2 developed
attenuated disease in this model, and prathology i1in this model
was deoendent on ST2L ezpreszsion Ly mast cells (Xu =& al.,

PNAS 10G5:10813-8, 2008} . in th

rodel, there was reduced
infiltration of moronuclear and oclymorphonuclear cells and
of syriovial hypervlasia in the doints of ST2KC mice. Thne

draining LNs of ST2KC mice cultured with collagen (CII)

44



-

showed significantly decreased ifL-17, IFNy, and TNEw

oroductior ST2L-deficient mice adowptivaly transferred with
wild-tyoe (WT) bone marrow-derived mast cells (BMMC), obefore
CLA was induced, developed more severe CLA than those

grafted with STZKO BMMCs. Therefore ST2L signaling by mast

[

celis was critical to the develoopmznt of arthritis in a nouss
model that resempbles human rheumatoid avthritis.
Administration of the S1T2i antibodies of the vresent
invention, which inhibit mast cell responses, to the CIA

10 model mice can be used to evaluate the use of these

2017202610 20 Apr 2017

antagonists to ameliorate symptoms and alter the course of
disease.
Exemplary gastrolntestinal inflammatory cconditions

are inflammatory bowel dizease (IBD), ulcerative

15 colitis (UC) and Crohn's disease (CD), colitis induced
by environmental insults {e.g., gastrointestinal
inflammation (e.g., c¢olitis) caused by or associated
with (e.g., as a side effect) a therapeutic regimen,
such as acdministration of chewmotherapy, radiation

20 therapy, and the like), infections colitis, ischemic
colitis, collagenous or lymphocytic colitis,
necrotizing enterocolitis, colitilis in conditions such
as c¢hronic granulomatous disease or celiac diseacze,
food allergies, gastritils, infectious gastritis or

25  enterocolitis (e.qg., Helicobacter pylori-infected
chronic active gastritis) and other forms o©
gastrcintestinal inflammation caused by an infectious
agent. Several animal models for gastrointestinal
inflammatory conditions exist. Some of the most widely

30 used models are the 2,4,6-trinitrobenesulfonic
acid/ethanol (TNBS)-induced ceolitis model or the

oxazalone model, which induce chronic inflammation and

[InN
on
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ulceration in the colen (Neurath et al., Intern Rev
Immuncl 12:51-22, 2000). Another model uses dextran
sulfate sodium {DSS), which induces an acute colitis
manifested by bloody diarrhea, weight loss, shortening
of the cclon and mucosal ulceraticon with neutrophil
infiltration. Another model involves the adoptive
transfer of naive CD45RB™%" CD4 T cells to RAG or SCID
mice. In this model, doncr naive T cells attack the
recipient gut causing chronic bowel inflammation and
symptoms similar to human inflammatory bowel diseases
{(Read and Powrie, Curr Protoc Immuncl Chapter 15 unit
15.13, 2001). The adminiszstration of antagonists ©f the
present. invention in any of these models can be used to
evaluate the potential efficacy of those antagonists to
ameliorate symptoms and alter the course of diseases
assoclated with inflammation in the gut, such as
inflammatory bowel disease.

Renal fibrosis can develop from either an acute insult
such as graft ischemia/reperfusion {¥Freeze et al., Nephraol
Dial Transplant 1€:24Ci~€, 2001) or chreonic condition such as

dlabetes (Ritz et al., Nephrol PRial Transplant il Suppli 92:38-

>

44, 1950

T
!

. The vathogenesis iz typilcally characterized by an

initial infiammatory resconse followed by sustained
fibrogenesis of the glomerular filtration avgaratus and
tubular interstitium (Liu, Kidney Int ©9:213-7, 2009).
Tuoulointerstitial fibrosis has vesn shown to play a critical
role in the pathogenesis of renal injury to end-stage renal

farlure and the proximal tubule cell has obeen revealed asz a

central medietor (Phillips and Steadman, Histol Histopathol

17:247-52, 2002; Philiips, Chang Gung Med J 30:2-6, 20087).

Fibrogenesis in the ointerstitial comparte is mediated

by activation resids fikhroblasts, which secrete

s
[O))]
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pro-inflammatory cytokines that stimulate the proximal tubule

epithelium to secrete local inflammatory and fibrogenic

medliators. Additicrnally, chemotactic cvteokines are secreted
by fibroblasts and epithelial cells and provide a directional
gradient guiding the infiltration of morocyites/macrophages and
T-cells into the tubulointerstitium. The inflammatory

infiltrate preduces additional fibrog

and inflammatcry
cytokines that further activate fibroikxlast and ewpithelial
Pl I

N

cytokine release while also stimulating the epithelium to

undergo & phenotyoic transition in which the cells deposit

excess extracelliular matrix components (Simcnscry, Kidney Int

71:846-54, 2007} .

LIVEeX

1o conditions

fibrosis (inci t not iimited to alcohol-induced

cirrhosis, virai-induced cirrhosis, autclimmune-induced
hepatitis); lung fibrosis (including but not limited to
scleroderma, idicpeathic pulmonary fibrosis); kidrney fibrosis
(ircluding but not limited to scleroderme, diabetic
rephritis, glomerular nephritis, luzus nechritis); dermal
fibrosis (including but not limited to scleroderma,
hypertrophic and keloid scarring, oburns); myelofibrosis;
neurofipromatesis; fibroma; intestinal fibrosis; and fibrotic
adhesions resulting from surgical orocedures. The fibrosis

carn ke crgan specific fibrosis or systemic fikrosis. The

organ specific fikrosis can be assoclated with lung fibrosis,

iiver fibres:is, kidney fibros:is, zart fibrosis, vascular

fibrosis, skin fibroszis, eye flbrosi

Mayrrow

«

fibresis. The lung fibrosis can e assccliated with
idiopathic pulmonary fibrosis, drug induced vulmorary
fibresis, asthma, sarcoidosis or chronic obstructive
vulmonary disease. ‘The liver fibrosis can bas associated with
cirrhosis, schistomasomiasis or cholangitis. The cirrhosis
car. be selected from alcoholic cirrhosis, post-hepatitis C

cirrhosis, primary viliary cirrhosis. The chelangitis can be
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sclerosing cholangitis. The kidney fibrosis can be
associated with diabetic nrnephropathy or lupus
omeruvlioschneierosis. The heart fibrosis can be asscciated
with myocardial infarction. The vascular fibrosis carn be
associated with oostangioplasty arterial resterniosis or
atheroszsclerosis. The skin fiprosis can ke associated with
ourn scarring, hypertrovhic scarring, keloid, cor nemhrogenic

fibresing dermatopa The eve fibrosis carn be associated

,,.
[t
[
°

with retro-cripital fibrocsis, vostcataract surgery ox

proliferative vitreoretinomathy. The one marrow filrosis
can be asscciated with idiopathic myelo
induced myelofibraesis. The systemic fibrosis can be systemic

sclerosis or graft versus host 4l

OCther inflammetory conditions and neuvropathies, which
nay be prevented or treated by the methoeds of the invention
are those caused by autcimmune diseases. These conditions
and necvroovathies include multiple sclercsis, systemic luous
erythematous, and neurodegenerative and central nervous
system (CNS) disorders including Alzhneimer’s disease,
Parkinsorn’s diseaszse, Huntington’s disease, kivolar disorder
and Amyotromhiiic Lateral Sclercsis (ALS), liver diseases
including wrimary piliary cirrhosis, primary sclerosing
cnolangitis, non-alcohiolic fatty liver
nepatitis C viruvs (HCV)

etes and insulin resistance,

and nepatitis B virus

cardiovascular disorders including atherosclerosis, cerebral

hemorrhags, stroke and myocardial infarction, arthritis,
rhevmatoeld arthritis, psoriatic arthritis and juvenile
rhevnetold arthritis (JRA}, ostecporoszsis, ostecarthritis,
ocancreatitis, fibrosis, encephelitis, ovsoriasis, Giant cell
arteritis, anrkylosing spondolytis, autoimmune heoatitis,

human immunodeficiency virus

inflammatory skin
conditions, transplant, cancer, allergies, endocrine

diseases, wound repalr, other atvtoimmune disorders, airway

48
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hyperxresponsiveness and cell, virus, or prion-mediated
infections or discorders.

~

One embodiment of the invention 1s method of

treating or preventing a ST2L-mediated condition
comprising administering a thervapeuntically effective

amount of an isolated human or human-adapted antikody
antagonist that specifically binds Domain I (SEQ ID NO:
2) of nhuman ST2L, blocks IL-33/5T2L interaction,
competes for binding to human ST2L (SEQ ID NO: 1) with

an isclated antibody comprising a heavy chain variable

{\.)

region (VH} of SEQ ID NO: 47 and a light chain variable

region ({(VL} «f SEQ ID NO:

1 and/or binds human ST2L at

amine acid residues 35-48 of 3EQ ID NO: 1
{RCPRQGEPSYTVDW; SEQ ID NO: 10) to a patient in need
thereof for a time sufficient to treat or prevent the
ST2L-mediated condition

Another embodiment of the invention is a method of
inhikiting mast cell response 1n a patient comprising
administering & therapeutically effective amount of an
isolated human or human-adapted antibody antagonist
that specifically kinds Domain I ({(SEQ ID NC: 9) of
human ST2L, blocks IL-33/ST2L interaction, competes for
binding to human ST2L (ZEQ ID NO: 1) with an isolated
antibody comprising a heavy chain variable region (VH)
of SEQ ID NO: 47 and a light cheain variable region (VL)
of SEQ ID NO: 51 and/or binds human ST2L at amino acid
residues 35-48 cof SEQ ID NO: I (RCPRQGKEPSYTVDW; SEQ ID
NQO: 210} toe a patient in need therecf for a time
sufficient to inhibit the mast cell response.

Another embhodinent of the invention is a methoed

of inhibiting interaction of IL-33 and ST2L in a

49
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subject, comprising administering to the subject an
isclated human or human—-adapted antibody antagonist
that specifically binds Domain I (SEQ ID NO: 9) of
human ST2L, blocks IL-33/STZL interaction, competes for
binding to human ST2L {3EQ ID NC: 1) with an isclated
antibody comprising a heavy chain varieble region (VH)
of SEQ ID N©O: 47 and a light chain wvariable region (VL)
of SE{¢ ID NO: 51 and/or pinds human S72L at amino acid
residues 35-48 of SEQ ID NO: 1 (R QGEPSYTVDwW,; SEQ ID
NO: 213) in an amount sufficient to inhibit the
interaction of IL-33 and STZ2L.

In another embodiment, the STZL-mediated condition
is asthma, airway hyper-reactivity, sarcoidosis,
chronic cbstructive puliricnary disease (CCPRPD),

idicpathic pulmonary fibrosis (IPF), cystic fibrosis,
inflammatory kowel disease, (IBD), eosinophilic
esophagitis, scilercderma, atoplc dermatitis, allergic
rhinitxs, bullous pemphigoxrd, chronic urticaria,
diabetic nephropathy, rheumatcid arthritis,
interstitial cystitis or Graift Versus Host Disease
{GVHD) .

In another emkiodiment, the ST2L-mediated condition

N

Llammatory cell recruitment in

is aszoclated with inf
lung, goblet c¢ell hyperplasia, or increased mucous
secretion.

o m

In ancther embodiment, the 3STZL-mediated conditicn

is associated with mast cell response.
In another emkodiment, the inhibiting mast cell
response comprises inhibiting the level of GM~CSF, IL-~

5, IL-8, IL-18 or IL-13 released by human cord blood-
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derived mast cells by at least 50% with 50 ug/mi
antibaody.

In another embodiment, the antibody antageonist
adminiztered to a patient in need thereof iz a
bispecific antiboedy that specifically binds Domain I
{(SEQ ID NOC: 8} of human ST2L, blocks IL-33/ST2L
interaction, competes for binding to human ST2L ({(SEQ ID
NO: 1) with an isolated antikody comprising a heavy
chain variable recgion (VE) of SEQ ID NO: 47 and a light
chain variable region (VL) of SEQ ID NO: 51 and/or
binds human STZL at amino acid residues 35-48 of SEQ ID
NGC: 1 {RCPRQGEPSYTVDW; SEQ ID NC: 210}, and further
pinds TSLP, IL-25, TSLPE, IL-17EA or IL-17RB.

Administration/Pharmaceutical Compositions

The “therapeuticelly effective amount” of the anti-ST2L

antilrodies effective in the treatms=nt of conditions where

moduletion of ST2L bicicgic activity 1s desiradvls cacn be

determined by standard research technigues. For examople, the
dozage of the anti-S8T2L antibody that will be effective in
the treatment of an inflammatory coonditiorn such as asthma or
rheumatolid arthritis can be determined by administering the
anti-ST2L antibody to relevant animal mcdels, such as the
models described hereirn.

In addition, In vitro assays can optionally be emcloved
to help identify optimal dosage rarnges. Selectionn of a

1

articular effective dose can e determinsed (e.qg., wvia
X

1

clinical trials} by those skilled in the art

sed upon the
consideration of several factors. Such factors include the
disease to be treated or prevented, the symptoms iovoived,

camans status and

the patient's mass, the

other factcrs koown by ths skilled artisan. The pre

.

te be =mploy=d 1n the formulation will
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route of administration, and the severity of disease, and
shiould be decided according to the Jjudgment of the
practitioner and eacn patient's circumstances. Lffective
doses can e extrapolated from dose-response curves derived
from in vitre or animal model test systems.

The mode cf administration for therapeutic use cf the
antiizody of the invention may be any suitaizle route that
delivers the agent to the host. Pharmaceutical compositions

of these antiiodies are particularly useful for parenteral

administration, e.g., intradermal, intramuscular,

intraperitoeneal, intravenous, suboutanecus, or intranas

The antipody of the invention may be prepared as
pharmaceutical compositions containing an effective
amount of the agent as an active ingredient in a
pharmaceutically acceptable carrier. The term
"carrier" refers to a diluent, adjuvant, excipient, or
vehicle with which the active compound is administered.
Such pharmaceutical vehicles can be liquids, such as
water and oils, including those of petroleum, animal,
vegetable or synthetic origin, such as peanut <¢il,
soybean o0il, mineral oil, sesame oil and the like. For
example, $.4% saline and ¢.3% glycine can ke used.
These soluticons are sterile and generally free of
particulate matter. They may be sterillized by
convernticnal, well-known sterilizaticn techniques

{2.9., filtraticnj}. The compcsitions may contailn

o
0

pharmaceutically acceptakle auxiliary substances
required to approximate physiological conditicns such
as pH adjusting and puffering agents, =stabilizing,

thickening, lubricating and coloring agents, etc. The

concentration of the antibody <¢f thes invention in such

pharmaceutical formulation can vary widely, i.e., from

o
NS
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less than about §.5%, usually at or at least about 1%
to as much as 1% or 20% by weight and will be sel=cted
primarily based on required dose, fluid volumes,
viscosities, etc., according to the particular mode of
administration selected.

Thus, & pharmaceutical compoesition of the
invention for intramuscular injection could be prepar=d
to contain 1 ml sterile buffered water, and betwe=n
about 1 ng to about 100 myg, e.g. about 50 ng to about
30 mg or more preferably, about 5 mg to about 25 mg, of
an anti-S$T2L antibody of the inventicon. Similarly, a
pharmaceutical composition of the invention for
intravenous infusion could be made up to contain about
250 mi of sterile Ringer's soiution, and about 1 mg to
about 30 mg and preferably 5 mg to about 25 mg of an
antagonist of the invention. Actual methods for
preparing parenteralily administrable compositions are

well known and ave described in more detail in, for

N

example, '"Remington's Pharmaceutical Science™, 15th
ed., Mack Publishing Ccrapany, maston, PA.

The antibodies of the invention can be lyophilized
for storage and reconstituted in a suitable carrier
prior to use. This technigue has been shown to be
effective with conventional immunoglobulins and protein
preparaticns and art-kncown lycphilization and
reconstitution techniques can be employed.

The present invention will now ke described with

reference to thne following specific, non-limiting examcles.

MATERIALS AND METHODRS (general)

o
()
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Human and Cynomolgus (Macaca fascicularis, cyno}) receptor-
ligand binding inhibition assay {RLB assay)

96-well plate was coated witnh 50 ul of 4 ug/ml human
ST2L-ECD (amino acids 192-3228 of SEQ ID NO: 1} or 2ug/ml cyno
ST2L-ECD (amino acids 19-321 of SEQ ID NO: 2} having -
terminal Hisg tag in bicarbonate buffer at 4°C for 16 hrs.
All subseqguent steps were pverformed at room temperature.
Plate was blocked with 200 ul blocking vuffer, and was washe
3 times with 300 ul of wash buffer containing PBS+0.05%
Tween, 30 ul of wvarious dilutions ¢i anti-ST2L mAbs were
added to the wells and incubated for 1 hour. For human

N

cictinyle

ay 20 ul of humanr LL-=

recsptor-ligand binding
33 (residies 112-270 of SEQ iD NO: 3) was eadded at 100 ng/mi
final concentration and incubated fcor 30 minutes. For cyno
receptor—-iigand birding assay 20 ul <f bilotinylated cyno iLL-
33 (residues 11Z-269 of SEQ iD NO: 4) was added at 200 ng/ml
final concentration and incubated for 30 minutes. ‘fhe plilate
was washed 3 tTimes with 200 1l of wash buffer. 50 ul of 0.2
Lg/ml Streptavidin-HRP {Jackson Immunoresearch) was added and
incubated for 30 min. The plate was washed 2 times with 300
1l of wash buffer containing FBS+0.05% Tween. 50 1l of TMR
substrats (EMD Bioscierices) was added to each well. Reaction
was stoppsd by the addition of 100 ul of 0.2N Sulfuric Acid.

OD450 were measured using Envision pvlate reader (Perkin

Elmer) .

Generation of chimexric ST2L constructs

Varionus construct featuring himan and mouss ST2L Domain
i, Il and IIiL swaps were designed and gernerated using

standard nolecuiar biology techniques. The constructs are

listed in Teble 1. Amino acid numbering corresponrds to human
STZL {hSTZ2L) (SEQ IL NO: 1; NP 057316) and mouse STZL

(mST2L} (SEQ ID NO: &5; NP 0C01020772) proteins.
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Table 1.

Qrigin of amino acid residues for each Domain i

n chimeric constructs

Construct Narne

Domain |

Domain i

Domain Ik

HHM-ST2L

hST21 a3, 19-122

hST2L aa. 123-202

mST2L 3a. 209-324

MHM-ST2L

mST2L as. 28-128

hST2L az. 123-202

mST2L aa. 209-324

HMH-ST2L

hST2L aa. 19-122

mST2L aa. 129-208

hST2L aa. 203-321

HH-ST2L

hST2L 3a.19-122

RST2L aa. 123-205

N/A

ASTZL: human ST2L SEQ 1D NO: 1

mST2L: mouse ST2L SEQID NG S

Domain binding determination assay.

Antibody binding to STZL domain I,
determined using standard capture
electrochemiluminescent
biscovery (MSD) technology) .
coated onto each well of an MSD HighBind mlate
for 2 hr at room temperature. Th

uL of 5% MED Rlockinc

and washed 3 tines

addition of 25 L of
ST2L-ECD (amino acids 28-324 of
(SEQ IR NO:6) or HMH-STZL

(residues 19-205 of

concentrations from 5 nM

detection

sulfo tag lavelec

to 40 nM.

e
buffer for 2 hr at

(SEQ ID NO: 8)

with aluminum foil and ircubated for 1

o
N

ELISA

format

vlate

wash ouffern,

chimeras

The plate was

I and III

zssay using

(Meso-Sc

a
10 ug/mL of each antibod

was kblocked

(834

iv was

(5 nL/well)
with 150
room temperature,
followed by the
mouse
NC: 5) or HEM-ST2L
Or HH~-STZL
NO: L) to the olate in increasing

covered

at room temperature
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with gentle shaking. <{he plate was then washed 3 times with

wash buffer. MSL read ouffer (150 ¢vl) was added to
each well, and the olate was then read using an MSDh Sector
Imager 6000.

Those antibodies bound by human ST2L-ECD, HHM-ST2L
and HMH-ST2L, but not by mouse ST2L-ECD recognize
Domain I of human ST2L-ECD. Antikodies bound by human
ST2L-ECD and HMH-ST2L, but not HHM-STZ2L and mouse STZL-
ECD, recognize Domain II1 of human ST2L-ECD.

Antibodies kound by human and mouse ST2L-ECD but not
HH-ST2L recognize Domain III <¢f human and mcuse ST2L-

ECD.

Affinity measurements of anti-ST2L mdbs.

Anti-STZL mAbs, huSTZL-ECD and cyneSTZL-ECD were
expressed using standard methods. Goat anti-human IgG Foy
fragmernt-specific Ab (cat# 109-005-098) was obtained from

Jackson Immunofesearch laboratories {West Grove, PA). GLC

N

ensor chips (Bio-Rad cat# 176-5011), CNM-5 sensor chips (GE

¢

Fealthcare cat# Brl00014) and reagents for preparation of the

capture surface were obtained from Bilacore (GE healthcare,

Q.

Piscataway, NJ) cor from Bio-Rad Life Sciences (Bio-Rad,
Eercules, CA}.

The intasractiorns of anti-ST2L antibodies with Hisg—
tagged human STZL-ECD and Hisz-tagged cyno STZL-ECD were
studied by ProteQn using a Prot=0n XPR36 at. 25°C. A
plosensor surface was oprepared by coupling goat anti-human

Igs Fey ent specific antibody (Ab) to the surface of &

GLC sersor chip using the manufacturer instructions for
amine-coupling chemistry. The coupling buffer was 10 mM
A

sodium acetate, vd 4.5. The goat anti-human IgG Foy (about

4500 rasponze units) was immobiliized in the horizontel

o
N

1%
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orientation. The anti-ST2L antivodies were provided
curified, or 1n crude supernatants. In either case these
antibodies were diluted in PRB (PRS oH 7.4, supplemented
with, 3 mM ZDTA, and 0.005% Tween 20) to a concentration of
about 0.5 ug/mL. The antibodies were captured (60-130 RU) in
the vertical orientation onto the anti-human Fcy antibody-

modified GLC chip. Capture of anti-ST2L miAbs was followed by

injection of huSP2L 2CD in solutioen {0.924 to 15 nM in 5-fold
dilvtions} or cyonoSTZL ECD in solution (0.020 - 5 nM in 4~
fcld dilutions) in the horizontal orientation. The
association was monitored for 4 minutes in all experiments
{200 uL injected at 50 uL/min). The dissociation was
menrtored for 30 minutes. Regeneration of the senscr surface
was obtalned with three 15 sec pulses ¢f 10 mM glycine pE
1.5, The data were fit using the FProteln scoftwars and using
a 1l:1 pinding model with mass transfer.

Riacore experiments were performed using a Biacore 2000

or a Biacore 3000 ootical niosensor {(Biacore ARy . All

1 with 3

experime (PBRS pH 7.4, supolems

mM EDTA ard 0.005% Tween 20) wi or withcut 0.1% BSA at

25°C.

A Riaccre plosenscr surface was prepared by co
goat anti-human 1gG Foy fragment soecific Ab to the
carboxymethvlated dextran surface of a C¥~-5 chip using
manufacturer instructions for amine-coupling chemistry. The
couvpling buffer was 10 mM sodium acetate, pH 4.5. An average
of 6000 response units (RU) ¢f Ap were immoixilized 1n each of

four flow cells. The anti-ST2L mAbs were captured (about 33

RU} onto the anti-human Foy antibody-modif S&Nnsor chip
surface. Capture of anti-ST2L mAbs was followed by injection
of nuST2L =CD in scolution (0.2 to 15 nM in 3-fold dilutions)
or cynoST2L ECD in sciution (0.2 to 15 nM or 0.020 - 5 nM, 1in

3-foild dilutions). The association was monitored for 4

o
~J
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minutes or % mirutes (200 nlL injected at 50 ul/min or 20
pL/min for C252%1 and C2519). 1The dissociation was monitored

for 10 minutes, or up to 2.5 hours. Regeneration of the

sensor surface was ovtalned with injection of 50 mM NaO=

and/or injection of 100 mM H

oy
.

Data were processed using tnhe Scrubber software,
version 1.1g (BioLoglc Software}. Double reference
subtraction of tnhe data was oerformed oy subtracting the

1

curves generated by bufier intection from the reference-

subtracted curves for analyte injections to correct for
obuffer corntribution to the sigral and instrument noise

(Myszka, Journal cf Mol Recogn 12:279-84, 1999).

After date orocessing, the data generats=d for kiretic

and affinity determination were analyzed using the Scruhber
scftware or the BlaAevaluation software, versicn 4.0.1
(2iacore, ARB}. ''he kiret:c data were analyzed using a simple

1:1 kinding medel including a term for mass transfer.

Affinity measurement of anti-mouse ST2L mdb (C1983/CNT03914)
to murine ST2L ECD.

Anti-ST?L mAb (C1l999/CNT0C3914) and muorine ST2L
extracellular domain (muST2L-ECD) were exoressed and purified
using standard methods. Anti-murine IgG Fey fragment-
specific Ab was obtained from Jackzon ImmunoResearch
laboratories {(West Grove, PA}. Sensor chips and reagents for
orevaration of the capture surface were obtazined from Riacore

oy

(GE nealthcare, Piscataway, NJ}. The experimental Riacore
-

running vuffer (BRR) contained PES pd 7.4 with 0.005% Tween

20 and 0.1 mg/mL BSA and data were collected at 25°C.

The interaction of anti-STZL antiicody with meST2L-ZCD

was studied on a Riacore2000 at 25°C. A piosenscr surface

ed by coupling anti-mouss-FcC

specific antibody to

the surface of a CM4 sensor chip using the manufactuarsr

instructions for amine-coupling chemistry. CL399/CNTCO3914
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and muST2L-ECD were diluted in Br2. €1299 was captured using
the anti-mouse Foy antibody (about 85 RU). Capture was
foilow=d by inj=ction muST2L ECD {residues 28-326 of SE£Q ID
NO: 5) in szoluticn (starting at 15 anM, 5 cencentrations, 1in a
3=-fold serial diluticen). The asgociation was rmonitorad for 8
minutes. The dissoclatlion was monitcred for up 6000 seconds.
he regeneraticns were pverformed using a 1/100 dilution of
ohosphoric acid. The data were fit using & 1:1 binding

mocal .

Human Basophil cell line assay (basophil cytokine

release assay)

KUi8l2 celils {(human basophii cell line; ATCC, CRL-209292)
were plated in sterile 96-well U-bottom tisszue culture plates
at. 25,000 2r 50,000 cells per well in a total 40 ui of RPMI
1640 growth medium (Invitrogen) suoplemented with 10% FBS and
penicillin/ strevtomycin. Anti-human STZ2L mdbs and controls
were added at various concentrations (50 ul/well) and
incubated at 37°C. After 1 hour of incubation, reconmbinant
“mature” IL-23 (amino acids 111-270 of SEQ ID NO: 2) was
added at a final concentration of 10 ng/rl ir 10 pl of REMI
growth medium. The cells were then incubated at 37°C for 18-

24 hours to ailow for IL-33-mediated induction of IL-% anrd

iL-6. Following lncubation, the czlls were harve
cell supernatant was collected for subzsequent dastection of
Il.-33~-induced IL-5 and IL~-6 using =ither LLISA (R&D systems)

or bead-based muitiovlex analyszses {(Millipore).

Human Mast cell cytokine release assay and PGD, release
assay

Mast cells were derived from CD347 human cord blood
cells (Lonza). Frozen vials cof >1.0 x10% ©D24" cord

N

biood cells were rapidly thawed and transferred to a 50

o
WO
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iml conical tube. Drops of warmed or room temp Stem-Pro
34 media + supplemesnts (25mls total; Invitrogen) were

5

siowly added to the celils. The cells were centrifuged
at 1,000rpm for 15 minutes and resuspended in media
(10mls of StemPro-34, with the following supplements:
30 ng/ml IL-3, 100 ng/mi IL-6, and 160 ng/mi SCF.

Cells were plated in 2 wells of a 6-well plate, and
cuitured for 1 week. On day 4, cells were expandad 1:3
in supplemented Stem Pro-34 media. ©On day 7, non-
adherent cells were removed and plated at 0.5x10%/ml in
StemPro-34 media containing 10 ng/ml IL-6 and 100 ng/ml
SCF. Cells were expanded weekly to maintain cell
density at 0.5x10°/ml until mast cells were mature at 6-
10 weeks (assessed by expression of FcegRi, cKit, and
tryptase) .

Mature mast cells were cultured at 0.5 x 10°/mi in

StemPro-34 and stimulated daily for 4 davs in IL-4
{i0ng/ml; Peprotech), IL-6 (1Cng/ml; E&D Systems) and

SCF {(100ng/mi; Invitrogen). Prior to assay, cells were
harvested, centrifuged at 1,000 RPM for 1{min and
resuspended in fresh StemPro-34 media or RPMI
containing 1C0% FCS without antibiotics, with 100ng/ml
human recombinant SCF. Cells were plated at a density
of 65,000 to 75,000 cells/ 0.16 mis/well in a flat
bottom, tissue culture-treated 9Y96-well piate. The
anti-ST2L mAbs were added to the plate for a final

ccncentration of 50, 1C¢, 2, 0.4, G.03, 0.016, C0.0032

pg/ml for 30 minutes prior to the addition of IL-33,
R2combinant human “mature” IL-33 (residues 111-270 of

SEQC ID NO: 3) was also prepared at 10X (10 c¢r 30 ng/ml)

in media + 100ng/ml SCF. 20nl of the 10X IL-33 was

60
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added to the wells, for a final concentraticn of 1
(Figures 6 and 7A-7E) <r 3 ng/ml (¥Figure 8A-8E), and
the plates were incubated overnight at 37°C, 5% CC..
Culture supernatant was harvested 18-24 hours after
stimulation. The plates were centrifuged at 1,000 RPM
for 10 minutes. The supernatant was removed and placed
into a U bottom %6 well plate and stored at -20°C prior
to assaying. Human cytokine kits from Millipore were
used to analyze cytokine levels using Luminex"
technology. Levels of PGD2 were measured using the
Prostaglandin D2-MC¥ EIA kit from Cayran Chemical
Company, according to manufacturer’s instructions. 1In
order to enhance the sensitivity of the ELISA, PGD; in
the mast cell culture supernatants were converted into
non-degradable MOX-PGD: (methoxylsamine-PGD,} by

treatment with methoxylsamine hydrochloride (MOX-HC1}).

Mouse receptor-ligand binding inhibition assay {(mouse RLB
assay)
A 26-well ciear plate (VWR] wes coated with 50 ul of

.

rg/ml goat anti-human igG, Foy fragment-specific (Jackson
Immunoresearch) antibody for approximately 16 hours at 4°C.
The remalning steps were completed at room teamp=raturs,

incubated with blocking buffer, washed and 50 ul

=
.
O]
<
N
0]

of 2 ug/ml mouse ST2L-ECD fused to human Fc was added for 1
hour. ‘The plate was washed and 1 pg/mil of bictinviated mil-

te

)

33 with or without anti-mST2L antibodies added. The pi
was washed and detection done with streptavidin-HRP {Jacksorn
Immune Research) and signal developed with TM2B substrate (HDI
Division of Fitzgerald Industries) follecwing manufacturer’s

instructions.

61
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Mouse and Human reporter gene assays (human or mouse RGA
assay)

HEK293 celis were piated at 50,000 cells pver well in white
clear-pottom tissue culture-treated Y6-well plates (NUNC) in
DMEM, 10%FBS and incubated in humidified incubator at 37°C,

5

o0

CGC, for 24 hours. Cells were co-transfected with vectors
encoding either human or mouse ST2L-ECD cDNA, NE-kB-
Luciferase vector (Stratagene, Agilent Technologies, Santa
Clara, CA) using lLiocfectamine™ 2000 in Ooti-MkM media
(Invitrogen) using standard protocols. After 24 hour
incubation at 37°C, 5% C0., the transfected ells were treate
with mouse {R&D Systems, residues 108-2646 of SEQ ID NO: 5) or
human IL-23 (residues 112-270 or SEQ ID NO: 2) with or
without anti-ST2L antibodies for 16 hours at 37°C, 5% CO..
Luciferase activity was measured using Steady-5Glo® reagent

(Promega) according to the manufacturer’s instructions.

Mouse T-cell proliferation assay

Mouss Th2 cells (DL0.G4.1, ATCC) wers cultured in
complete growth medium: RPMI 1640 nmedium with 2 mM L-
glutamine adiusted to containr 1.5 g/L scdium bicarbonate, 4.5

]

£3, and 1.0 mM sodium vyruvate, and

g/l glucose, 10 mM &
supolemented with: 0.0% mM 2-mercavicethancl, 10 pg/mi Ii-
i (R&D Systems), 10% fetal bovine serum, 10% rat T-STiM

factor with Con A (rat IL-2 culturs

oplement ava
Becton Dickinscnr). The cells were washed twice with asszay
media (RPMI, 10%FRS, no [L-1, no T-STIM), resusoended at
1.25%210° ceils per mi and plated in &0 pl of medium in white
clear bottom tisszue culture treated Y6-weil onlates (NUNC,
Rochester, NY). Various amounts of mouse IL-33 (residues
109-266 of SEQ iD NO: 5) were added to the cells for the

firal assay volume of 100 ul. Wher testing antibody

reuvtralization, control antibodies (spiked in spent hydbridoma

N
N
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mediun} or hyoridoma supernatants were added to the cells and
incubated for 1 hour followed by addition of 20 pg/ml mli-33.
re cultured for 24 hours in humidified incuvator
. Quantitation of viable cells was achieved

with Celliiter-Glo® reegents {(Promega, Madison, WI); protocol

performed according to the manufacturer’s instructions.

Mouse bone marrow derived mast cell assay
Mouzs mast cells were derived from bone merrow of
Balb/c mice (6 weeks). Cells were wleted at 300,000

celiz/well in RPMI media (endof ir free), 10% ¥BS, 10% WEHI

cell line-conrditioned nmedium, 1Cng/wml IL-3 (FPeprot=ch), C.1lmM
essential amino acids, 1% Penicillin/Streptonycin
(Invitrogen). Anti-ST2L mAbs (100, 10, 1, 0.1, or 0.01%
rg/mly were incubated with the cells for 1 hour pricr to
addition of recombinant mouse “"mature” IL-33 {(residues 109-
266 of SEQ ID NO: 215 (10 ng/ml; R&D Systems). After
approximately 24nh the supernatants were harvested and frozen
until analysis using the Millipore Mouse 22-plex kit for

: M
Luminex"",

according to manufacturer’s instructions.
Cyno endothelial cell assay
Cynomolgus Aortic Endothelial cells cultured in
GM®-2 Endothelial Cell Growth Medium-2 {(Lonza) were
piated in 96-well tissue culture plates at 10,000 or
20,000 cells per well., 50 pl of anti-S$7T2L antibodies
were added to the cells starting at 100 ug/ml with

N

lutions and incubated at 37°C

subseguent 4- oxr h-fold
for 1 hour before the addition of recombinant cyno
‘mature’ IL-33 (S8EC ID NO: 4). Fifty microliters of 20

ng/ml cynomolgus IL-33 was then added to the cells and

(&)
[#%]
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incubated at 37°C for 24 hours. To evaluate IL-33-

induced cytokine responses the supernatants were

DR

harvested and the cytokire levels were assessed Dy a

M

Non-Human Primate IL-8 kit for Luminex ™ {(Millipore

according to manufacturer’s instructions.

Mouse peritoneal lavage assay

The oeritoneuns of 6 Balb/c mice was washed with a
total of 3 mi PBS to collect peritoneal cells. “The majority
of these cells were found to be lynphocytes and macrophages,
as determined by B220 and F4/80 expression (FACS analysisz).
Approximately 1% were cKit® (CD117"} mast cells. Cells were
centrifuged and the pellet was resusvended to 1xi0° cells/ml
in Alpha MEM media+ 10% FBS + 100 U/ml Penicillin + 100 pg/ml
Streptomycin {(Invitrogen). Celliz were plated at 200 pl per
well in & 96-well plate and rested 2h at 37°C, Anti-ST2L

mabs were added to the cells for 30 minutes prior to the
addition of 10 ng/ml mouse “mature” IL-33 (R&D Systems;

residuss 109-266 of SEQ ID NC: 215). Supernatants were

collected 24bh after IL-33 addition, stored at -20°C until
analysis, and analyzed using the Millipore Mouss ZZ-plex kit

for Luminex™ according to manufacturer’s instructions.

Example 1. Generation of rat anti-mouse STZL antibodies
Rats were immunized intraperitoneally with mouse
ST2-¥c (R&D Systems (Ser27-Ser342 of SEQ ID NO: 5) and
assessed for specific IgG titers. Once sufiicient
titers were obtained, splenocytes were isolated and

fused with FO ceils. The resulting hybridomas were

=

-

plated in 9% well plates or methylcellulose and
cultured for 10 days. Antigen specifiic clones were

identified by standard capture ELISA for pinding to

64
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mSTZ-Fc and cross screened against the Fc protein
alcon=2. Murine ST2-specific hybridomas were further
tested for the irnhibition of IL-33 binding to ST2 in an
ELISA and for the inhibition of IL-33-induced D10.G4.1
mous=2 Th2 cell proliferation. Hybridomas exhibiting
neutralilization in both receptor-ligand binding and
cell-based proliferation assays were clonally selected
by limiting dilution. Hybridoma V-regicns were
seguenced and cloned into mouse IgGl bhackground. ST2L-
ECD domain specificity was addressed by standard
immunosorbent assay with electrochemiluminescent
detection using variocus human-mouse domain-swap
constructs,

Arntibody secreted by hybridoma Ci123% was cloned
into mouse IgGl background and named CNTO3214.
Sequences of CNT039%14 variable regions and CDRs are
shown in Table 2. CNT03914 does not cross-—react with

human STzZL and hinds Domain I of mouse STZL-ECD.

Tahle 2.

N
[83]
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HCDR1 HCDR2 HCDR3

mAb Name SEQHD SEQID SEQID

Sequence Sequence Sequence
g NOQ: g NO: g NO:

1599/

HYGIVIA 13 SHTBGTSTYYRDSVKG 14 QSDDYFDY 15
CNTO3914

LCDR1 LCDR2 LCDR3

mADb Name SEQID SEQID SEQID

Sequence Sequence Sequence
NO: NOQ: NO:

1599/

KSSQSLEYSDGDSYLE 16 GVSNRFS 17 FOATHDPFT 18
CNTO3914

mAb Name Vi sequence SEQIDNO:

EVQLVESGGGLLOPGRSLKLSCTASGHFSHYGMAWVRQAPTKGLEWY
SSHTDGTSTYYRDSVKGRFTISRDNAKNTQYLOMDSLRSEDTATYYCAR 19
QSDBYFDYWGQGYMVTVSS

1999/
CNT(3914 Visequence SEQID NO:

DVVLTOTPVSLSVTLGDQASISCKSSGSLEYSDGDSYLEW YLGKPGOSP
QLUYGVSNRFSGVPDRFIGSGSGTDFTLKISRVEPEDLGVYYCFQATHDP 20
FTFGSGTKLEIK

Example 2. Generation of mouse anti-human STZ2L
antibodies

Two different immunizations were verformed for
generation of mouse anti-human ST2 mAbs.

BALR/C were lmmunized intraperitoneally with sclubl

&

ST2-Fc (R&D Systems, SEQ ID NO: 157) and assessed fox

specific IgG titers. Once sufficilent tite

splerocytes were isclated and fused with

resulting hybridomas were plated in 26 well plates and

cultured for 10 days. Antigen speciflc ciones were
identified by standard caoture ELISA for binding to C-

terminal Hisg-tagged huSTZL-ECD and cross-reactivity to Hisy-
tagged cyno STZ2L-ECD. Human STZ2L-specific hybridomas cross-
reacting with cyno ST2L were further tested for the

inhizbition of IL-32 binding to huST2L in an ELISA assay and



2017202610 20 Apr 2017

1C

15

20

(@97

w

)

for the inhibition of NF-xB activation in reporter gerne

ssay. Clones innhikiting in reporter gene

a
ELTSA and reporter gene & were zelected

were selected for further analyses. C251%A and CZ521A kbind
human $124L at bomain Iil, and C24%4 obinds human STZ2L at
Domain L. Artibody C2424 was cloned into numan IgG2

antibody was named STLMOZ.

backgrour

Y7

Anti-human STZL mibs were generated at Gerovac Gmbn oy
vrovrietary DNA immunization technology using full length
STZ2L constructs and boosting with the cells transfected to

express human ST2L-ECD. Hybridomas were screened for zinding

to human ST2L-2CD by flow cytometry. Clones that exhibited
binding in this assay were confirmed to bind hST2L-ECD and
further characterized for inding to cyno ST2L-ECD by
standard capture ELISA. Selesct clones were characterized in

recaptor-ligand binding irnibition ELISA and reporter gene

assay. Clones inhiblting in reportery gene assay or 1n both

ELTISA and reporter gene & :d for furthsr

studies.

Artipody from Genoveac nybridoma C2244 wes selected for

further anralyses and cloned into human 1gG2 background.
full length antibody was ramed STLM1S5. STLM1S binds human
STZL at Domain I.

Seqgquences of the VH, VL and CDR domains of the mouse

anti-human antibodies are shown in Table 3.
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Table 2.
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Ab HCDR1 HCDR2 HCDR3
i
SEQD SEQID SEQ D
Name Sequence = Seguence = Seguence Q
NO: NO: NO:
C2519A |{DYNMN 21 NINPYYGSTTYNQKFKG 25 EGDTYLAWFAY 29
C2521A {TYWMN 22 QIFPASGSTYYNEMFKD 26 SENIYYINFQYYFAY 30
C2244/ ) | . .
SOYAWN 23 FiSYSGDTSFNPSLKS 27 YDGYSFOY 31
STUMIES
C2494/ {DDYMH 24 RIDPAIGNTEYAPKFQD 28 GDFYANMIDY 32
STLME? ’ - )
LCDRY LCDR2 LCDR3
mAb SEQ D SEQID SEQD
Name Sequence = Seguence = Seguence !
NO: NO: NO:

C2519A  {RSSQSIVYSNGNTYLE 33 KVSNRFS 37 FOGSHVPPT 41
C2521A {RASCNIGTRMH 34 YASESIS 38 QQSNTWPFT 42
cn44/ | . , . . eme

. RASKSVSTSGSSYNMF 354 LASNLES 29 QHSREIPYT 43
STLM15
2494/  {ITNTD:DDVIH EGNYLR? LQSDNMLT
STLNG2 36 R “
mAb VH sequence SEQ iD N

EFQLQAOSGPELVKPGASVKISCKASGYSFTDYNMNWYVXKQSHGKSLEW!

C25194  {GNINPYYGSYTYNOKFKGKATLYVDKSSNTAYMHLNSLISEDSAVYYCA 45

REGDTYLAWFAYWGQGTLVTVSA
CHQLOGSGPELVRPGTSYKISCKASGYTFLTYWMINWVKQRPGOGLEW!
C2521A {GQIFPASGSTYYNENIFKDKATLTVDTSSSTAYMOQLSSITSEDTAVYFCAR 46
SENIYVINFQYYFAYWEQGTTLTYSS
EVQLQESGPGLVKPSQSLSLTCTVTGFSITSDYAWNWIRQFPGSKLEW

C2244,
S'[Ll\:’l/S MGFISYSGDTSFNPSUKSRISVTRDTSKNQFFLQLNSVTTEDTATYYCASY 47
' DGYSFOYWGQGYTLTVSS

C2494/ {EVQLQQSVAELVRPGASVKLSCTASAFNIKDDYMHAWVKQRPEQGLEW

STLME2  {IGRIDPAIGNTEYAPKFGDKATMTADTSSNYAYLQLSSLTSEDYAVYYCA 48
LGDFYAVDYWGQGTSVTVSS

mab VLseguence SEQ D NO:
DVLMTQTPLSLPVSLGDQASISCRSSCGSIVYSNGNTYLEWYLQKPGQSP

C2519A  {KLLIYKVSNRFSGVPORFSGSGSGTDFTLKISRVEAEDIGVYYCFQGSHV P 49
PTFGGGTKLEIK
ILLTQSPAILSVSPGERVSFSCRASQNIGTRMHWYQQRTNGSPRLLIKYA

C2521A  {SESISGIPSRFSGSGSGTDFTLTISSVESEDIADYYCOOSNTWPFTFGSGTK 50
LEIK

2244/ DIVITQSPASIAISLGQRATISCRASKSVSTSGSSYMFWYQQKPGORPPKL

STLVILS LIYLASNLESGVPARFSGSGSGTDFTLNIHPVEEEDAAAYYCOHSREIPYT 51

FGGTKLEK

C2494/  {ETTVTOSPASLSY ATGEKVTIRCITNTDIDDVIHWYQQKPGEPPKLLISEG
STLMIB2  INTLRPGVPSRFSSSGYGTDFVFTIENTLSEDVADYYCLOSINMLTFGAGT 52
KLELK

Example 3. Generation of fully human ST2L antibodies

Human STZL-binding Fabs were selected from de novo piIX
ovhage displsy libraries as described in Shi et ai., J Mol
Biol 397:385-96, 201C; Int. Pat. Publ. No. WO2009/085462;

U.S. Pat, Publ. Nc. US201G/0C21477). Briefly, the libraries
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were generated by diversifying human scaffolds where germiine

VH genes IGHV1-69*01, IGHV3I-23*%01, and I[GHV5-51*{1l were

recombined with the human IGHJ-4 minigene via the E3 loop,
and numan germline VLkappa genes C©l12 {IGKV1-339*01l), L6

(IGKV3-11*01), A27 (IGKVZ-20*01l), and B3 (ILGKVA-1*(01l) were

recombined with the IGKJ-1 minigene to assemble complete ViH

and VL demains. positions in the neavy and light chain
variable regions around Hi, EHZ, L1, L2 and L3 loops
corresponding to vositicns identified to be fre ntly in

5

contact with proteiln and osptide antigens were chosen for

diversificatioen. Seqgusncs diversityv at selechted positions

was limited to residuss occurring at each position in
IGHV or IGLV germline gens families of fthe respective IGHV or
IGLV g=nes. Diversity at the H3 loor was generated by
vtilizing short to mid-sized synthetic loops <f lengths 7-14
aminro acids. The amino acid distribution at H3 was designed
o mimic the cbserved variation of aminc acids in human
antibodies. Lipbrary design is detailed in Shi et ai., J Mol
Biol 297:385-96, 2010. The scaffoclds utilized to generate
libraries were named according to their human VE and VL
germline gene origin. The three heavy chaln libraries were
compirned with the four germline lignt chains or germline
light c¢hain libraries to generate 24 unigue VH:VL
comoinations for screening, All 24 VH:VL library
complnations were utilized in phage vanning experiments

against huSTIL-ECD-Fc,

The libraries wers panned using a Fc fusion of the
nuST2L~-ECD {residues 19-328 of SEQ ID NO: 1). Pannings were

done in 2 different form:

antigen (Ag) 1in solution and Ag

displayed. Ag 1n solution the streptavidin-coated

magnretic beads were blocked in PES with 3% non-fat dry milk.
Trne biotinylated {(Bt) antigen huST2L-ECD human Fc¢ fusion (2t-
huST2L-ECD-Fc) with a 10x higher concentration of human fc

protein as competitor was mixed with Fab-oIX vhage libraries.
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The Fab-piX vhage bound to the Bt-huST2L-ECD-Fc was captured
on tne blocked streptavidin (SA)-coated magnetic beads.
Phage selections were overformed for three rounds where the
EuST2L-ECD-F¢ concentrations varied from 100nM, 10nM, 10nM
from rounds 1 to 3, respectively. For Ag display the Bt-
ruST2L-ECD-F¢ was coated on SA coated magnetic beads. Fab-

0IX whage lioyw vlus 10x excess of human Fo gprotein was

added simultaneouvusly to the Bt-huST2L-ECD-Fc displayed SA-
St-

)
PRI

Ag coriceritrations uvsed were 100ndM, 10nM,

C
Ui
LU

masgnetic

10nM for rounds 1 to 3, respectively. Screening was done for

both panning formats by ELISA for Fab binding to huSTZL-ECD-

3

Fc protein. A total of 78 Lth binding to nST2L~Fc were

rsolated from these selections. HuT2SU-39 was detevmined

py & raonkiog LLISA te have the best binding activity overall.

An BLISA hased IL-33 binding inhibition assay was

verformed on the 79 Fabs. A total cof 32 Fabs zhowed
inhibition of IL-33 binding to huST2L-ECD-Fc. 46 KFabs were

chosen for affinity maturation from the piX de novo campaign.

Example 4. Affinity-maturation of fully human ST2L

antibodies

Select antibodies were affinity-matured using an “in-

maturation process described in Shi et ai., J Mol Biol

line”
397:385-96, 2010 and WCD9CR546ZA1. In this technology, the
VH regions of Fak clones obtailned in the first selection are
comblined with libraries of the corresponding VL scaffold.

All VH genes from the 46 ¥Fabs identified in Examole 3 wer

n librervies as

VL matura

according t hely criginal VL ge family

scafifold lLibrariesz and their diversification schemss are
snown in Table 4. The numan VL. scaffolids are as follows:

IGKVI-32*01 (012), IGKV3-1IL (L6},

(A27), IGKV4E-1*)1

(B3} and are described for exanplie :1n U.S. Pat. Publ. No.
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Us2012/0108795.

Rt ~

iibraries were acdded to Bt-huST2-ECD-tr'c first.

incubation the matureticn library ohage/B3t-hSI2L-5CD~F

complex was added to the SA-coated magnetic beads.

huST2~-rc concentrationszs varied respectively from RI

10nM, inM, and 0.1 nM.

After

The final wash of round 3 was

For affinity maturatiocn panning, the phage

The Bt-
B3 at

overformed overnignt at room temperature 1in the presence of

10nM unlapelled nuST2L-ECD-¥c to further drive affinity

lrr-.provemen*-: B

Takbie 4.

Viiibrary diversification scheme for different scaffolds

Position
Loop L A27 B3 L
{Kabat)

D

G12

30 SRNTD RNDGHSY SRNAD

SRNAD

302 SNR RNDGHWY -

L 30e RNDGHSY -

31 SNRADH RNDGHWY NSKD

SNKDG

32 YFHQSEK YNWR YWDFHSAN

YHNDWFSAV

L2 50 ADGS YWNK ADKGYFTN

FYTNKADG

a1 YSHA SYWH RYSGF

SAYHPD

92 YNDSHIFKG SYGN RHNSL

FIYHNDIGRE

SNTDGHR STER NDKR

STHNDRG

94 TYLVFAS WYSH WA

TYLVFSRGP!

9% WYFLIR YRWH WYFLIR

LWRFYIN

A total of 161 seguence unigue Faks were obtained from

the maturation pannings.
huST2L-ECD were converted to IgG for furthec

chaeracterization.

Faoz showing nignhest pinding to

Maos ST2M43, ST2MA4S, ST2ZMS5C and ST2MEZ1 wers salected

for furthsr characterizaticn, and their VH, VL and

seguences are shown in Tabie 5.

~]

N

Mabs ST2M48, ST2M49,

ST2M50
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and ST2MS1L numan STZL at Domaz (i)Y, and cross—react
with mouse ST2L.
Table 5.
5
HCDR1 HCOR2 HCDR3
mAb i HCID SEQ D SEQID SECiD
Sequence Segiuence Sequence
NO: NO: NO:
ST2M48 STLH125  {ISYWIG 53 SHYPHGDSYTRYSPEFQG 55  {LAGRFGY 57
ST2M49 STLEHIAY  {TSYWIG 53 SHYPHGDSYTRYSPEFQG 55 |{{GGMFDY 58
ST2M50 STLHI25 1TSYWIG 53 HYPGDSYTRYSPSFQG 55 LSGRFDY 57
ST2M51 STLH130 iSSYAIS 54 |GHPIFGTANYAQKFQG 56 {DTPOLDY 59
1.CDR1. LCDR2 1.CDK3
mAbL iD Lo SEQ D SEQID SECiD
Sequence Segiuence Sequence
NO: NO: NO:
ST2M48 STLE232  {RASQSVRDALA 60 FASNRAT 64 {QOFNTWPIT 57
ST2M49 STE236  TRASCSVYANALA 61 KASNRAT 65 QQYYGWPIT 58
ST21MS0 STLL228  {RASQSVSNALA 52 FASNRAT 64 IQQFFNWPIT 59
ST21M51 TCIL3 RASQSISSYLN 53 YASSLQS 65  {QQSYSTPLT 70
SEQID
mAb Name VHseguence .
NO:
EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRAMPGKGLEWM
ST2MA8 | GiIYPGDSYTRYSPSFQGGVTISADKSISTAYLQWSSLKASDTAMYYCARLS 71
GREDYWGQGTLVIVSS
EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRQMAGKGLEWM
ST2M49 | GHYPGDSYTRYSPSFQGQVTISADKSISTAYLOWSSLKASDTAMYYCARIG 72
GMFDYWGQGTLYTVSS
QVOALVOSGAEVKKPGSSVKVSTKASGGTHSSVAISW Y POAFGOGLEW
ST2MS0  |MGGHPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCAR 71
YNFFFDYWGQGTLVTVSS
WOQLVASGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGOGLEW
ST2M51  [MGGURIFGTANYAQKFQGRVHITADESTSTAVMELSSLRSEDTAVYYCAR 73
DTPQLDYWGQGTLVTVSS
R SEQID
mAb Name Viseguence
NO:
EIVITQSPATLSLSPGERATLSCRASQSVRDALAWYQQXPGQAFPHRLLIYFA
ST2MA8  |SNRATGIPARFSGSGEGTDFTLTISSLEPEDFAVYYCQQAQFNTWPRITFGQGT 74
KVEIK
EIVITQSPATLSISPGERATLSCRASQSVANALAWYQQKPGQAPRLLIYKA
ST2MA9  |SNRATGIPARFSGSGEGTDFTLTISSLEPEDFAVYYCQQYYGWPITFGQGT 75
KVEIK
EIVITQSPATLSISPGERATLSCRASOSVDDWLAWYQOKPGQAPRLLIYK
STIMB0 |ASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQYNRAPWTFGQ 76
GTKVEIK
DIQMITISPESLEASY GDRVTITCRASQEISSVEN WYX PGKAPKLLAYYA
ST2M51  |SSLOSGVPSRFSGSGSETDFTLTISSLQFEDFATYYCOQSYSTHLTFGQGTK 77
VEIK

Example 5. Characterization of anti~-ST2L antibodies.

~]

[S9)]
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Antibodies derived from various campalgns as described
above were further characterized for thelr apbility to block
IL-33/8124L interaction, for their inhibition of IL-33-induced

sigraling as measured by NF-xE revcorter gene assay, ability

of the antibodiss to inhiloit mast cell responses, for th

=<

affinlty against huma: cyno STZL, and cross-reactivity

with mouse ST2L. =Zoltope mapping was done using human/mouse
ST2L domain swap chnimeric constructs as described in

are shown

Materialis and Methods. Results of the experimen
in Tables ¢, 7 and 8. In Tables 7 and 8, “+” indicates that
the antibody blocks IL-332/ST2L interaction, and “-% indicates
it does rot block IL-3Z/ST2L interaction. Experiments with

CNTO3914 were done using mouse cells and reagents due to lack

of cross-reactivity to humarn. Euman cells and human reagents

were used 1in assays for all other antivodies.
Characterized antibodies were grouvped to those that
vlock IL-33/58T2L interaction {(mAps STLM1S, STLMe2 and
CNTO3914) and those that do noet lock the IL-33/5T2L
interaction (maAos C2519, C252L, ST2M48, ST2M49, ST2M5C and

STEZM51)y . Th

antibodies olockirng IL-33/S7T2L irnteraction oind

to ST2L Domain I, whereas the non-diocking antibodies bind to

SIT25L Domain LIL. The antibodlies tested inhibited STZi

dowrnstream signaling as assessed by the NF-kB reporter gene

assay and iL-33-induced cytokine release by the KUELZ human

i

vasophil cell line, or in case of CNTC3914, assessed by mouse

N

ThZ2 cell oro

N

Lferation, Antibodies binding to STZL Domain I

inhibited at higher level human mast cell responses as
assessed by cytokine and chemokine secretion when compared to
anti-812L antibodies binding ST2L Domain ILL. CNITO39%14,
wnich binds mouse ST2L domain I and does not cross-react with
human was also able to irnhibit IL-23-induced mouse mast cell

responses.
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Pable €.
. Affinity to human ST2L Affinity to cyno ST2L
corresponding
Ao hybrid K KD
whridoma G 5 1o 3
K, (M5 Keir {57} Kon (M7s™3] Ko {s7) )
on t ) cif ! (pVI) 0 ( aff( (p'\/)
STLM15 2244 1.02E+06 | 4.25E-05 42 4.81E+06 | 5.30E-05 11
STLME2 2494 4,265+06 | 1.19E-04 28 4515+07 | 5.395-04 12
rna C2519 4.83E+05 | 8.70E-05 180 7.14E+04 | 3.20E-03 44800
na €2521 6.18E+05 | 4.90E-05 79 4.47E+05 | 1.66E-03 3710
ST2M48 N3 1.32E+06 | 7.33E-05 56 1.03E+07 | 2.65£-03 257
ST2/:49 na 1.5%E+06 | 1.61E-04 101 4.66E+07 | 1.24E-02 266
ST2M50 na 1.15E+06 { 5.10E-05 45 2.01E+07 | 2.49E-C3 124
S5T2M51 na 1.29e+06 | 4.87E-05 38 4.42E+07 | 3.36E-03 76
Teblie 7
Basophil | Mast cell
corresponding ) 4 a>o;? I 2% f:e ST2L
mAb . RLB* RGA™ | cytokine | cytoking .
hybridoma apitope
release release
STLM15 L2244 + + + + hD1
STLM62 C2494 + + + + hD1
C2519 - + + - hD3
2521 + + hD3
ST2M48 NA - + nt - h/mD3
ST2M49 NA - + nt - h/mD3
ST2M50 NA + nt /mi3
ST2M51 NA - nt - h/mD3

b
Reporter gene assay

hD1=human ST2L D1 domain

*Receptor-Ligand binding inhibition

mD1=mouse STZL B domain

hD3 - human ST2L B3 domain

h/mD3 = human and mouse ST2L B1 and D3 domains

nt= not tested

~]

on
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PTable &.

Mast cell

mAb RLB* RGA" cytokine
hybridoma RGA profiferation{ ceils lavage Y
release

*Receptor-Ligand binding inhibition
R,

Reporter gene assay

**Bone marrow derived

Example 7. ST2L domain I binding antibody CNTG3%14 inhibits
intranasal IL-33-induced airway hyper-responsiveness (AHR},
airway inflammation and mouse mast cell responses.

Four consecutive daily intranasal doses of 2 pg/mouse

“mature” IL-33 (R&D Systems) (rasidues 10%-266 of SEG ID

NC:215) re administered to female BALB/c

STZL antipbedy CNTC3914 was prophylactically dosed
subcutaneausiy at 20 mg/kg (or 2 mg/kg or 0.2 mi/kg) 24 h
orior to the first LL-33 intranasal administration. Control
mice received 1sotvyoe control CNTCSGl6 orxr PBS, 24 h pricr to
the first iL-33 intrarasal administraticen. Alrway hyoer-
respornsiveness (AHR) to increasing doses of methacholine was
measzured using forced maneuvers with Flexivent system
(Scireg, Montreal, Quebec, Canada). For measurement of
alrway hyper-responsiveness (AHR), mice were anesthetized
with 100 mg/kg pentcbarbital and 13 wmg/kg phenyteln and
tracheostomized vefore connecting te FlexiVent, The mice
and then

were nekbulized with saline for baseline readi

witl two (10 and 20 ng/nl) of methacholins. For zaline

and ezsch dose cof methacholins, Reszsistance {(R) values

@
&

"

collected for approximately 2 minutes using the

3 ol
[

‘anapshot

ocerturoaticn, The peak rasistance was calcoulated using only

~]
b}

1%

corresponding . T-cell Peritoniel ST2L
epitope

CNTG3914 1999 + + + + + mD1
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those values with a CCD (coefficient of determirnation} above
C.9.

A separate group of mice was treated and analyzed for
cellular response 1in the lungs. Twenty-four nhours following
the last miL-33 isotype or PBS administration, mice were
sacrificed by overdose of Sleepaway® 1.P. Lungs of the mice
were lavaged with 0.7 mls of cold P2BS witn 0.1% BSA.
Resulting bronchioalveolar (BAL) fluids were centrifuged at
120Crpm for 10 minutes and the cell-free supernatants were
saved at -80°C until analysis of cytokine/chemokines. The

BAL sanples were used for totali counts using a hemacytometer.

ts ~20C cells were counted from

For differential RAL couw

cytospin smears aft stelning with wright giemsa under iight

mlcroscop

The celli~free supernatants were collected and stored

Al

at -80°C until used for Luminex protein anaiyses. The lung
tissues were removed, and then perfused through the right
venntricle using 5mls of cold sterile PBS until adecguate
perfusion. The lung lobes were then placed in a Fast Preo®

tube containing iml of PBS + protease inhibitor and frozen

and stored at -80°C for cytokine/chemokine profiling., The
cytokine/chemokine multiplex assay was performed following

the manufacturer’s protocol for the Murine Millipore Z2-plex.
Mouse mast cell protease-1 (mMCP-1} 1in the BAL fluxrd was
analyzed by ELISA (Moredun Scientific).

Airway hyper-responsiveness

CNTQ3%914 =zignificantly inhz

yited alrway hyper-
responsiveness in the model of iung inflammation induced by

intranasally administered IL-33 (Figure 1). CNT03914 was

dozed subcutaneouszsly 24 hr prior to four daily cornsecutive
intranasal administrations of 2 ug/mouse mIL-33. Peak Airway
Resistance as determined by Flexivent was significantly

decreased with a dose of CNT03914 at 20mg/kg. Each bar

|
-



2017202610 20 Apr 2017

1C

1%

20

25

30

represents the mean t SEM of three (CNTC5516, an isotyoe

controi antibedy) to iz mice per gro 1its have

o. The res
been reveated 1in two separate studies. Sigrificance was
determined using the Two-Way ANCVA with a Bonferroni post
test, CNTO03%914/IL-33 **p<0.05 vs. CNTO5516/IL-33; and

*¥¥p<(0.001, vs. PRS with IL-33 treatment group.
P C f

Airway inflammation
CNT(C3814 significantly inhibited RBronchoalveolar Lavage

(EAL) oell recrultment in the used model (Figure 2.

CNTO3914 was dosed suboutaneonusly 24 hr pricr to four

consecutive intranasel administraticns cof 2 mg/mouse mil-33.

BAL leukocyvtes were significantly increased with IL-33

adainistration and were significantly inhibited by CNTO3914
at 20mg/kg. Hach bar represents the mean + SEM of three
(CNTCS5516, an 1sotyoe control antibody) to siz mice per
groug. The results have been repeated in two separate
studies. Significance was determined using the Two-Way ANCVA

with a Bonferroni post test, ***o<0.001.

Mast cell responses in vivoe

Mast cells store oproteases including tryptases and
chymases in thelr granuvles, which are released guickly upon
mast cell activation. Mouse Mast Cell Protease 1 (mMCEF-1) 1is
a [ chymase released by activated mast celis and known to he
important for control of parasitic worm infections (XKnight et
al., J Ezp Mad 182:1845-56¢, 2000; Euntlev =2t al., Parasite
Irtmunol 12:85-95, 1880). Measuvrement of mMCP-1 can be used
as & marker of mast cell activation, and has been shown to be
induced in & mast cell-dependent model of airway
inflammation: house dust mite (Yu and Chen, J Immunol

171:3808~15, 2003). MMCP~-1 as det=rmined by ELISA (Moredun

~

Scisntific) was significantly increased in BAL fluid from [L-

[¢

33 administerad mice, and was dose-dependentliy : bited by
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CNTQ3914 (Figure 3). Significance was determined using the
Crne-Way ANOVA with a Tukey post test, **p<d.0l, ***p<(.001,

vs. LL-33 treatment.

Example 8. Anti-~-ST2L Domain I binding antibodies inhibit mast

cell responses in vitro

Mast cell responses were assessed by release of

[}
[

chnemckines and cytokines by mouse and human mast cells as
well as prostaglandin Dy, in human mast cells.

Anti-ST2L Domain I binding antilzedy CNTO3%914 innikited
iL-33~xnduced cytckine release including GM-CSE (Figure 434),
IL-% (Figure 4R}, and TNFa (¥Figure 4C) by mouse DOore marrow-
derived mast ceils.

Arti-human ST2L Domelin I biading meb (©24%4 (STLM6E2)
inhibited IL-33-1induced PGD, release by human cord blood-
derived mast cells induced by 3 ng/ml 1L-33 at antibody
concentrations 2, 10 and %0 pg/mil (Figure 5).

Anti-ST2L Pomain 1 binding antibodies C2434 and €2244
inhibited IL-33-induced GM-C3¥, IL-5, IL-8, IL-13 and IL-10
release by numan cord blood-derived mast cells at antibody
concentratiorns 50 pg/mi, 10 pg/ml and 2 ug/ml (Figures 6 and
CA-€E) ., The degree of inhibition was dependent on
cytokine/chemokine measured, the antibody and anrtibody
concentration tested, and media used. Calculated average
percent (%) inhibition was between 50.6-100% in all assays
conducted at antibody conrcentration 2 ug/ml, and betwesn 62-
100% et entibody corcentration of 59 ug/ml (Figure 9).

Anti-ST2L Doma:n Iil-bnindirg antibnodies C2%21, (2519,
ST2M48, SP2MA42, ST2M50, and S$T2M51 showed modest or 1o
inhibition on, or stimuleted ILlL-33-induced cytokine release
by the mast cells (Figures 7A-7E and 8A-8E) at antibody

concentrations 50 ug/ml and 10 pg/ml. The degree of

o

N

inhibition was dependent on cytokine/chemokine measured, th

antivody tested, and media used. Calculated average percent

~]
WO
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(%) irhibition was between -5%4.4 - 31.9% ir all assavs
conducted at antibody concentration Z ug/ml, and between -
481.5 - 3€% at antibady concentration of 50 pg/mil (Figure 9).
In some assays, antibody ST2M50 inhibited GM-CEZF, IL-5, IL-10
and IL-13 secretion at antibody concentration 10 ug/ml
(Figures 8A-8E).

Average % 1nhipition was calculated using the following
formula: {l-{concentration of cytokine released in the
vreserice of the mAb)/ (concentration o¢f the same cytokine
released 1n response to IL-33 in the abxsence of mAb)) = 100,
Cytokire ceoncentrations are in pg/ml. In zowne cases, the %

inhibition i1s a negatlve value, indicating that ths cytokine

release 1in the oresencs of mAb was actualiy higher than that
rei=as=d 1n the absence of mAb. Siight variations in ths
cctency of the nabs may occur depending on the iIL-33
corcentraticns used to induce cytokine release in the mast
celis. Simiiariv, there may be slignht variations in the
activity of the mAbs depernding on the assay medium used
(StemPro-34 vs. RPMI / 10% FCS). All tested 3T2L Domain I
birdirng antibodies inhibited all measured cytokine and
chiemckine releases at least oy 50% as measured by average %
inhilpition at a concentratiorn of 2 ug/ml, 10 ug/ml c¢r 5C

Lg/ml .,

Lzample 9. 8T2L domain I binding antibodies inhibit
intranasal IL-33-induced airway remodeling.

CS7RL/6 mice were dose intranasally with 1 ug/wmouse

"mature” IL-33 (cr PRBS) (residuss 10%-2606 of SHQO ID NO: 215)

on days DL, 13, D5, D7, and D% and lurgs were analvzed on Day

7

10 or Pay 20. Anti-mouse ST2L antibedy CNTC3%14 or isatype

control (CNTO5516) was dosed subcutanenuszly at 2 ng/kg 6 h
prior to the first IL-33 intranasal administration. Control
mice received isotyece control CNTGC5516 or PBS, ¢ nn Trior to

the first IL-33 intrarnasal administration. Inflated lungs
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were fixed in 10% buffered formalir for histologyv: stains

7

1 for araiysis included Hé&k, Masson Trichrome and PAS.

—
¢

1)
()
(@)

LL-33 treatment induced moderate to marked bronchiolar
epithelial hypertrovhy and hyeocerclasia with goblet cell
hyperplasia and ceribronchiolar infiltrates mixed mainly with
ecsinopnils. Bronchiolar epithelial hypertrophy and
hyperplasia were not evident in the animals recelving
CNTC3914, The Masson Trichome stains were Lo determine the
amount of collagen wpresent; this staining revealed goblet
cell hypertrophy in IL-33 treated animals. In the animals

treated with CNTO3914 infiltratss in the alvecli and

veribonchiolar regions were abs

Example 10. Generation of fully human STZL-antibodies
Additicnral human ST2L-binding Fabs were selected from
de novo piX vhage display libraries essentially as described
in Exanple 2 eszcept that the libraries were zanred using
chimeric EHM-STZL construct (SEQ ID NC: o, Table 1} with the
biotinylated antigen captured on streprtavidin-coated magnetic
beads. The vhage library was blocked in P3S-T with 3% non-
fat dry wilk. Competitor wmrotein, MHM-ST2L chimera {SEQ ID
NC: 7, Table 1) was added to the locking sclution to drive
the vhage selection towards Faps that would bind specifically
to the human ST2L Domain I amino acid segquences., Phage
selections were verformed for three rounds followed by

ing by ELISA for Feb bionding te hST2L-Fo oroteln.

en Fabs with binding te hST2L-Fc were lsclated
from these selections and were further screered for binding

to chimeric STZL constructs (Table 1) as well as to the

]

mcuseST2L and humanSTZi proteins to mao the deomain of
specificity, and characterized for thelir ability to block [i-
33/nST2L interaction. Fabs STZr1, ST2F4 and ST2F% blocked
hIL-33/8ST2L interaction and bound Domain I of ST2L and were

roved forward into affinity maturation.
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fabie 9.
HCDRL HCDR2 =CDR3
FabiD VH D i Framework SEQD SEQ D SEQ D
Sequence NO: Sequence NO: Sequence NO:
ST2FG VH3-23 SYAMS 78 AISGSGESTYYADSVKG 81 DPWSTEGSFFVIDY 84
ST2F4 \VH3-23 SYWMH 79 GISSGGGSTYYADSVKG S2 DGWGTVYFPFDY 85
ST2F1 VHS-51 SYWIG iy HYPGOSDTRYSPSFOG a3 DTADFRRWDFDY $6

LCDR1 LCDR2 LCDR3

Fab iD VLD | Framework SEQID SEQID SEQ iD
Sequence Sequence Sequence
NO: NO: NO:
ST2F8 Vi-16 RASQSVDDALA 87 DASNRAT 20 QQFYNWPLT 52
ST2F4 Vk-L6 RASOSVRODLA a8 DASNKAT 53 QQYIHAPLT G3

ST2F1 Vk-B3 ICSSOSVLYSSNNKNYLA 8¢ WASTRES ¢l QQSNTYPFT

24

Example 11. Affipnity-maturation of human ST2L binding Fabs

ST2F1, STZ2¥4 and STZE6 w affinity-matured using an

P, S Qi e o T S
[SISESRON 1N ol el di., 7 Mol

“in~lire” maturatiocon proces:

Biocl 387:385-3%6, 2010 - Int. Pat. Pulzl. No. wWQ2009/085462

Pl
L

[

ion aries ware made for

and LDxample 4. A nity matuvra
ST28¥1, S1T2F4 and ST2F6 by diversifving corresponding iight
chain libraries, B3, L6 and L6, respectively, and combining
the lipraries with the Fab VH regions. The diversification
screme for light chain residues for the 1.6 and B3 affinity
maturation libraries are shown in Table 10. Poszition
numbering 1s according to Kabat. For affinity maturation
panning, biotinylated huST2-ECE-Fc was cactured on
streptavidin (SA)-coated magnetic beads at concentrations of
10nM for rourd i, 1nM for round 2, and 0.1 nM for round 3.
The final wash of round 3 was pzrformed cvernight at room

tenperature 1n the opresence of 10nM unlabelled huST2L-ECD-Fc.

o
N




2017202610 20 Apr 2017

1C

Table

Scaffold

Loop | Position
L6 B3

30 SRNAD RNDGHSY
30a - RNDGHWY
L1 30e - RNDGHSY
31 NSKD RNDGHWY
32 YWDFHSAN YNWR
L2 50 ADKGYFTN YWNK
21 RYSGF SYWH
G2 RHNSL SYGN
L3 93 NDKR STER
24 WA WYSH
96 WYFELIR YRWH

-

The STZE6 light chaln maturaticn library seiection

o

vielded imoroved binders (ST2F14, ST2%¥17, STZ2F31 and S128¥41)
{Figure 10 and Figure 1ll1). These were ezamirned as Fabs using
Proteln and demonstrated modest affinity improvements from
2nM to 400CouM.

To further improve affinity cf ST2F14, ST2¥1l7, ST2F31
and STZ2F41, the common heavy chailn ST2H441 in ST2F14, ST2F17,
STZ2F31 and ST2F41 was randomized at HCDR1 and HCDRZ Kabkat
pesitions 31, 32, 33, 35, 56, 52, 53, 56 and 58 using a

~

diversificatiocn zscheme shown in Table 11. The resulting

heevy cheiln library was palrved with the four

j3))

ffinity
improved light chains ST2L32, ST21.35, ST2L49 and STZ2L5%, and
this library was panned and scre=ned as described for the
iight chain maturation libraries. [Fabs withh imoroved birnding
relative to STZriI4 were isclated and converted to IgG for
further characterization. The resulting antibodiesz (STLM103,
STLM10G7, STLMiQE, STLMl122, STLM124, STLMZ06, STLMZC7,
STLM208, STLM209, STLM210, STLM21i1, STLMZi2, STLMZ1i3,
STLM214, STLM215, STLM2146, STLM217, STLMZ12, STLMZ19,

SO
[
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[N

STLM220, STLM2Z1, STLM2Z22) (Figure 10 and Figure 11) have
frameworks derived from VH3-23 or Vk-L6. All antibodies bind

ST2L Domain I and biock IL-33/STZL interaactionn.

Table 11,

Position Amino Acids

31 SDNTAY

32 SDAY

33 SDAY

35 SN

50 SDNTAY

52 SANTKDEGR

53 SANEY

56 SANTKDEGR

58 SDNTAY

Additional variants were designed and expressed for
STLM208 VH ST21.257 to replace a DP motif at the beginning of

P

HCDR3.  The sequences of the variants are shown 1in Figure 12.
Example 11. Human framework adaptation (HFA) of C2484

The framework adaptation process was done as
essentialiy described in U.S. Pat. Publ. Nco. US2009/011812
and Fransson et al., J Mol Bicl 398:214-231, 2010. RBriefly,
the neavy and light chain sequences were ccmpared with the
human germline sequences (only the “01” zlleles as of Oct 01,
2007) using BLAST search against the IMGT database (XKaas, et
ai., Nucl. Acids. Reszs. 32, D20&-D210, 2004; Lefranc =t al.,
Nucl. Acid Res., 33, D593-D597, 2005). From this set of
human germline genes, redundant gernes (100% rdentical at
amino acid level) and those with unpaired cystelne residues

were removed., The remalning closest matcning human

genss 1n both the framework and CDR reglions wers chossn as
the acceptor nunman fraemeworks., A total of 9 VL and 7 VH
germline human frameworks were selected based upon overall

sequence homology and CDR lengths as well as CDR simiiarzty.

84
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'R-41 was selected based on sequerce similarity of the

IGHJI/IGJK germline genes, JK2 for the VL chains and J
the VH chains (Kaas, et al., Nucl. Acid Res. 3Z, D205-DZ1G,
2004; Lefranc M.-P et ai., Nucl. Acid Res., 33, D593-D597,
2005) with C2494 szequence). Then, the CDRks of (2464
(inderlined in Figure 14} were transferred into the selected
acceptor human framsworks to generate the HEA variants
exceplt in the regilon corresponding to the CDR-H1I of Vy. For
this region a compination of CDR arnd HV, or a shcerter HCDR2
(referred to as Xabat-7, se2 U.S. Pat., Puil. No.

I§2009/0118127) were transferred frow the non-human avntibody

into the humanr FRs scause the HCDRZ residuss highlighted in

grey in Figure 14 have not bszen found in centact in antigen-

ant.ibody complexes of known structures {(Almegro, J Mol

Recognit. 17, 132, 2004).

(el

The mature protein seguence of C24%84 (Vi: SEQ 1D NO:52;

VH: SEQ LD NO: 48) 1is shown ¥Figure i14. In the figure, CDR
residues (Xabat) are underlined, Chothiia HV loops indicated
pelow CDRs, and residues transferred into selected human
frameworks indicated under HVs (HFA). HCDRZ residues
highlighted 1n grey were noet transferred in all wvariants

A 3D ncmology moedel for the Fv fragment of C24%4 was
constructed using the antipody modeling module of MOE (CCG,
Moritrealy . The model was utilized for evaluation of
developability liabilities such as exposed methionine and
ryotophan residues, potential N-glycosylation and
deemldationr motifs. In LCDR3, there iz & ootentielly exposed

Met (MS4) residue,

1sed uporn the Bv structural wmodel. To

remove it, & variant {(STLL23C, 0l1l2bh) with an M9O91i mutation

was gernerated and characterized. For the heavy <hain, the R
residue inrn the CAR motif (Chothia residues 92-94, ¥Figure 14)

Just before ECDRZ may negatively imzact a cluster of
negatively charged residues (Chothia residues D21, D32, D96

and D1Cla, Figure 14), which mayv be imgcortant for pinding. A

[o¢]
83}
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Vil with substitution of arginine for leucine at Chothia
residues 94 (CAR -»CAL) was generated and characterized.
The mAbs combining designed heavy and light chains,
together with the C2434 parents were expressed and assayed
for binding to human ST2L. From the generated EFA mAbs,
mAbs with VH chains having IGEVI-24*01 {SEQ ID NO: 148)
and IGHV1-f£*01L (SEQ ID NO: 149) heavy chaeln frameworks
(STLH1S25 and STLH1L94) =xpressed antibodies well and bound
ST2L when combined with various HEFA light chains having
IGKV3-15*C1 (L2) (Su¢ ID NO: 15C), IGKVL1I-9*01 (iL8) (SEQ ID
NO: 151), IGKVLI-5*0L (L12) (SEC LD NO: 152), IGKV1-1Z*{1

(L5} (SEQ LD NO: 153), LGKV1-39*01 (Cl2) (SEQ I NO: 154),

n

EGKVI=27*0L (AZ0) (SEC 1D NO: 155)or I[GRVI-33*01L (018)

,

156} frameworks (STLL28O, STLL278, STLL277,
STLL27¢, STLL275, STLLZz274, STLLZ273, STLLZ72%.
Sequences of HFA VH and VL variants are shown 1n Table
12. Transferred residues are underiined, and additional

substitotions described above highlighted in grey. Table 13

shows SEQ ID NOs: as well as unicgue DR (plasmid) and CBIS ID

for eacn EHFA Vd and VL. Eeavy and light chailn combination
for gensrated mAlrs selected for further characterization 1is

SHOWN

zhows the nutman framewcrks (compinred Vv and J

regicns) used to transfer ©24%4 CDRs.
Table 12.

Fremework adaot=sd VL cheins (couvpled to JK2 seqgquence).

CDRs are tnderlined.

VL2494 (parent) {SEQ iD NO: 52}
ETTVTQSPASLSVATGEXYTIRCITNTDIDDY L HWYQQKPGEPPKLLISEGNTLRP
GVPSRESSSGYGIDEVETIENTLSEDVADYY CLOSDNML T FGAGTR LELK

>VL2494-IGKVi-33*01 Cl1l& (SEQ ID NO: 135)
DIOMTOSPSSLSASVGDRVELTC y J TWYCQKPGKAPKLL L

86
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GVPSRESGSGSGELDETETLISSLOPEDEATYYCLOSD]

CGOGTRLELK

>VL?304—'GKV1—2”*“1 AZO SEQ 1D “O' 136)
LLIOMIOSPSSLSASVGDRVILTCLTINTDI DDV LAWY QOKPGKYPKLLIYEGNTLRP
GVPS&FSGJGCGTDFTLTISSLQPEDVATYYLLQVDNMLTFJMGTKLE;K

SVL2494-~1GXKV1i~-35%01012 {3EQ ID NO: 127)
DLQUTOSPESLEASVGDRYTITCLINTDIDDY LEWYQOKPGKAPKLLI Y SGNTLRP
GVPSRESEEGSGIDETLYISSLOPEDFAT :

>NV1.2494-1IGK ¢ 138)
DILOMTQSPSSVIASVGLRVITLTCLINTRDLODVIHWY QQRKPGRAPKLLIYZG)

GVPEREEGSGSCGTDFTLTISSLOPEDFATYYCLOSDNMLTEGOGTKLE LK

[L-12701 LS (SEQ

>VL249%4-1GKV1I-5*01 L12 (SEQ ID NO: 139D)
b[Q%[QCP“m 'VGDQVTTTCLII_BiQQZLiWYQQKPGKAPKLL_
B - LSSLOPLDEATYYCLQSL) CGOGTR

PVLE2494~-1GKV1i-9*01 L8 (SEQ ID NO: 149)
LPIQLTQSPSELSASVGDRVTITCITNTDIDDV LAWYQQOKPGKAPKLLIYE
GVPSRESCGEGEGTEFTLTISSLOPEDFATYYCLOQEDNMLTEFGQGTKLE X

>VL2494~-IGKVE~-15*01 L2
ELVMTOSRPATLSVS >
GLPARESI ~J\:‘\C;}'J FTYLTISSLOSEDEFA

>NV1L2494~IGRVI=-39¥01 Q125 (SEQ ID NO: 142)
DIQMTQSPESLIASVGDRVTITC ITNTDIDDVIE WYQQKPGKAPKLLIY =ZGNTLRP

GVPEREEGSGSCGTDFTLTISSLOPEDFATYYC LQED :LT FGOGTKLEIK

Framework adapoted Vi# chains counled to JHL

>VHZ494 (parent) (SEQ ID NO: 48)
EVQLQ”\VHL‘VRQHAQVK SCTASAEN

LNV /\Q&P} Q\:L Wl C LOPA LGN

SVH249A-IGHVI-£*01 (SEQ LD NO: 142)

EVOLVOSGAEVAKPGATVE I\LKVJAFNIKDDKMPHV QAP"GL;W4C?IDPAIGNTﬁYAﬁKFQ”

RVIITADTSTDTAYMELSSLRSEDTAVYYC

SNH2494-IGHV
QVQLVQSGARYV AR
RVIMTEDTSTDTAYMELS

~24¥01 (SEQ ID NO: 1449)

SLRIEDTAVY

'YAMDYWGQ&TLVTVSS

[o¢]
-J
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HFA-variant DR cgisip | SEQIDNO:
VH HFA [>VH2494-IGHV1-24*01 9870 STLH195 144
ehains 1.\ n2494-1GHV1-§#01 9871 STLH194 143
>VL2494-1GKV1-39*01 012b 9865 STLL280 142
>VL2494-1GKV3-15*01 L2 9873 STLL278 141
>VL2494-1GKV1-9%01 L8 9874 STLL277 140
VL HFA |>Vi2494-1GKV1-5%01 112 9875 STLL276 139
chains | | 2494-16Kv1-12%01 LS 9876 STLL275 138
>VL2494-1GKV1-39*01 012 9877 STLL274 137
>Vi.2494-1GKV1-27*01 A20 9878 571273 136
>VL2494-1GKV1-33%01 018 9879 STLL272 135
Table 14.
VH chains
barent* »VH2494- >VH2494-
IGHV1-24%01 | IGHV1-f*01
VL chains pRD# pDR4211 pDRS87C pDRY871
Parent* pDR4212{ STLMI126 STLM186 STLM196
>VL2494-IGKV1-39*01 O12b | pDRYB6ES |  STLM127 STLM187 STLM197
>VL2494-1GKV3-15%01 L2 ¢DR9873{ STLM129 STLMI1R9 STLM199
>VL2494-1GKV1-9*01 L8 pDRO874 |  STLM130 STLIVIZ90 STLM200
>VL2494-1GKV1-5%01 L12 pDRO875 |  STLMI31 STLM191 STLM201
>VL2494-1GKY1-12*01 LS pDRIBYE | STLMI32 STLMI192 STLM202
>VL2494-1GKV1-39%01 012 gDR9877{  STLM133 STLMI193 STLMZO3
>VL2494-1GKV1-27*01 A20 pDRO878 |  STLM134 STLIVIZ94 STLM204
>VL2494-1GKV1-33¥01 018 pDRO879 |  STLMI3S STLM195 STLM205

*parent = 2494 VH and VL

58
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Pakble 1°

Frameworks tised for Human
Framework Adaptation (HFA}

Framework V region { Framewaork }
origin region arigin

KGHV 1-24%01 i1 QVALVOSGAEVKKPGASVKVSCKVSGYTLTELSMHWVRQAPGKGLEWNMGGFDPE 143
o ) DGETIYACQKFQGRVTMTEDTSTDTAYMELSSLRSEDTAVYYCATWGQGTLVTVSS )

HGHY 1-F%01 i1 EVQLVASGAEVKKPGATYKISCKVSGYTFTDYY MHWYV QOAPGKGLEWMGLV DPED 148
T ) GETIYAEKFQGRVTITADISTDTAYMELSSLRSEDTAVYYCATWGQGTLVIVSS )

o ) FIVMTRSPATLSVSPGERATLSCRASQSVSSNLAWYQQKPGRAPRLLIYGASTRATGI )
IGKV3-15%01 12 K2 . R . . 150
PARFSGSGSGIEFTLTISSLASEDFAVYYCOQYNNWATFGOGTKLEIK

s . - DHQLTASPSFLSASYGDRVTITCRASQG SSYLAWYQOKPGKAPKLLIYAASTLQSGVP
IGKV1-9%C1 LE iK2 - - . S " 151
SRFSGSGSGTEFTLTISSLQPEDFATYYCQOQINSYPTFGQGTKLE!K

e - DHOMYQSPSTLSASVGDRVTITCRASOSISSWLAWYQGKPGKAPKLLIYIIASSLES(HV
IGKV1-501 L12 iK2 _ , . 182
PSRFSGSGSGTEFTLTISSLQPDDFATYYCQQYNSYSTFGQGTXLEIK

. . DHQOMYQSPSSYSASVGDRVTITCRASQGISSWLAWYLQKPGKARKLLIYAASSLGSG .
IGKV1-12*01 LS iK2 e - ATy, icc 183
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQOANSFPTFGQGTXLEIK

o . DHOMTQSPSSLSASVGDRVTITCRASOSISSYLNWYQIKPGKAPKLLIYAASSLOSGVP
IGKV1-39*01 012 iK2 U SN " 14
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPTFGQGTRKLE!K

. ) DIQMTQSPSSLSASVGDRVTITCRASQGISNYLAWYQQKPGKVPKLLIYAASTLQSGV
IGKV1-27*01 520 iK2 A eet - uni - o 155
PSRFSGSGSGTUFTLTISSLOAPEDVATYYCQXKYNSAPTFGOGTKLE K

; . DIQMTQSPSSLSASVGDRVTITCQASQDISNYLNWYCQQOKPGKAFPKLLIYDASNLETGY
IGKV1-33*01 018 iK2 156

PSRFSGSGSGTLFTFTISSLQPEDIATYYCQOYONIPTFGQGTKLEIK

Sequence SEC{IDNO:

Example 12. Design of alanine and human germline mutants
for paratope scanning
Site-directed mutagenes:s was carried o assess the

dlng contributions of individuai CDR residues as well as

bir
some residues having potential effect on other antibody

characteristics. Based upon the molecular model of C2494 Fv

above a subset of solvent-exposed CDR residues were vrredicted

L8t

to be involved in binding antigen. These were mutated to
alarine and/or corresponding ‘human-like’ residue, which 1is
the corresponding residue 1n the closest matching germline

gene. Di10laA {Chothla residues), {D104A in SEC ID NO: 48;

substitution in £2494 Vi decreased the k,:¢ about 4 fold, from

1.432107% to 3.2x107°.

As the DL0laA substitut:z decreased of k.rr of C2494

rab in binding to STZL 1t was expected that the same

matation may alse imerove the off-rate in the C2494

variants. Thus, 2101aA (Chothia numbering) was

o
O
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incorporated in the VH of STLH SVH2494-1GAV1I-£*01, SEQ

(SEQ LI NO: 14%).

ID NC: 143) to generate a VH
H201 was paired with 7 light chains STLL280, STLLZTT,
STLL276, STLL275%, STLL274, STLL273 and STLL272 (Table 13
and Table 14) to generate mAbs STLM226, STLMZ227, STLM228,
STLM229, STLM23(C, STLM2Z31 and STLMZ232 wnich were
characterized fuorther. mAbs STLM22¢, STLM227, STLM228,
STLM22%, STLM230C, STLM231 and STLM232 thnerefore have
rdentical LCDR1, LCDRZ, LCDRZ, ECDR1 and HCDR2Z seguences
wnern: compared to the parent CZ4%4 antiiedy and & differernt
ECDR3 (SEQ ID NO: 146, GDEYAMAY). In addition, antibody

STLM266 VL STLMZ80 nad a unigue LCDR3: LOSDNLLT {SEQ ID

STLH201 (SZ¢Q ID NO: 14%):

[‘/Q NOSGAEVERKPCGATVKLSCKYSALKN

ECDR3 incorporaticn D1ClaA {(Chotnia numizering)
substitution:

SEQ LD NO: 146: GDEYAMAY

antibedy STLM266 VI STLMZ80 nhad a unigue LCDR3: LOSDNLLT

(SEQ ID NC: 147)

Example 13. Characterization of anti-STZ2L antibodies
Antibodies obtained from phage display, hyvbridoma
and human framework adaptation campaigns were
characterized in various assays including binding to
huST2L-ECD, cynoST2L-ECD, affinity measurements,

binding to human/mouse chimeras to determine domain

O
(&)

EYADKE O\W
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binding, receptor-ligand inhiblition assay, report

gene assays, and mast cell response assa

[

Affinities of the antibodies de

display campaigrs to human and cyno STZ2L as well es

QT

antibodies in Takble 16 bound Domain I <of human ST25L.

N>
.
{

Table 106.

e
[

binding specificity to human STZ2L 1s snown 1 Tahle 16.
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human ST2L affinity cyno ST2L affinity ST2L-ECD

KD KD domain

Kon (M7s ) | Kere(s) | (BM} fkon(M7s)] kare(s) | (PM) | binding
STLM103 | 3.97E+06 | 1.62E-04 41 6.42E4+06 | 2.02E-04 31 D1
STIM107 | 2.90E+Q7 | 3.41E-04 12 1.00E+08 | 6.50E-04 7 D1
STIM108 | 2.29E+06 | 2.22E-04 97 2.05E+07 | 5.98t-04 29 D1
STLIM123 | 1.37E+07 | 2.08E-04 15 1.00E+08 | 5.19E-04 5 D1
STLM124 4 1.65E+07 | 7.56E-04 46 8.71E+07 | 2.57E-03 30 D1
STLM206 | 6.39E+06 | 1.60t-04 25 G.40E+4+07 | 5.83E-04 6 D1
STIM207 | 8.33E+06 | 3.95E-04 48 1.00E+08 | 2.07E-03 21 D1
STLM208 | 5.97E+06 | 6.76E-05 11 1.39E+07 | 7.02E-05 5 D1
STLM209 | 6.59E+06 | 1.70E-04 26 3.39E+07 | 3.11E-04 9 D1
STLIM210 | 1.21E+07 | 2.27E-04 19 5.70E+07 { 5.28E-04 9 D1
STIM211 | 1.70E+07 | 4.83k-04 29 1.00E+08 | 1.3%k-03 14 D1
STIM212 | 1.24E+Q7 | 3.98E-04 32 1.43E+07 | 3.46E-04 24 D1
STLM213 | 7.54E+06 | 1.08E-04 14 1.64E+07 | 1.24E-04 8 D1
STiM214 | 9.16E+06 | 2.99E-04 33 7.20E+06 | 2.64E-04 37 D1
STIM215| 6.91E+06 | 1.72E-04 25 3.54E+07 | 3.69c-04 10 D1
STIM216 | 9.63E+06 | 1.58k-04 16 7.89E+07 | 2.64E-04 3 D1
STIM217 1 7.27E+06 | 1.26E-04 17 3.81E+07 | 1.28E-04 4 D1
STLM218 | 9.89E+06 | 2.24E-04 23 1.45E+07 | 2.65E-04 18 D1
STIM219 | 7.54E+06 | 2.01E-04 27 1.07e+07 | 2.30E-04 22 D1
STIM220 | 5.80E+06 | 9.53E-05 16 1.60E+07 | 1.40E-04 9 D1
STLM221 | 2.73E+06 | 9.61E-05 35 6.04E+06 | 1.30E-04 22 D1
STLM222 | 8.22E+06 | 3.01E-04 37 1.18e+07 | 3.45E-04 29 D1
STLM226¢ 2.16E+07 | 1.93E-03 90 1.00E+08 | 3.01E-02 301 D1
STLM227} 2.66E+07 | 1.70E-03 64 1.00E+08 | 2.94E-Q2 294 D1
STLM228 | 2.01E+07 | 1.04E-03 52 1.00E+08 | 1.55k-02 155 D1
STLM229 | 1.29E+07 | 4.45k-04 35 1.00E+08 | 8.50kE-03 85 D1
STIM230 | 1.11E+Q7 | 4.26E-04 38 5.06E+07 | 7.3CE-03 144 D1
STLM231 | 1.97E+07 | 9.13E-04 46 8.27E+4+07 | 1.43E-02 172 D1
STLM232{ 1.78E+07 | 4.49E-04 25 1.00E+08 | 7.97E-03 80 D1

Affinities of the anti-ST2L antibodies from the HFA

campalgn in relation to the parent (STLMo2, C2494)

in Teble 17

ouffer

are shown

The affinities were anslyzed by ProtelOn. The
eypariments wers parformed st 25°C using Proteln's PRS-T-I
(2RS, 0.005%P20 and 3 mM JTA) as running buffer ro
a9z
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-LC sensor ¢

30

verform the =xpsriments

covalent immodiiization of goat anti-huma
- 146 response units (RU) of Mab were captured. Mab caoture
was followed by injection of STZ2L-ECD from 0.024-15 aM ({(5-
fold dilutions) for 4 min (200 L at 50 ul/min}. The

diszociation waz monitored for 20 minutes for all reaction.

Regeneration was two 15 sec oulses of 10 mM

aglycine pEL.S. e to & 1:1 with paseline

Aszocclaticn rates for the sawmples are fazt, the

langmuir with mass transf=r mod=l was used for curve fitting

and estimation of Affirity. All of the samples had

£f rates than the parsntal clone and control Mab. The

differsncs in off rate was the orimary contributor to

icwer affinity of the HFA variants when compared to the

varent antibody.

O
[
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human ST2L affinity

cyno ST2L affinity

Sample Kon (M-1s-1} kg (5-1) Ky {pM} Kon (M-1s-1} Kog {5-1} Ko {pM)
STLMIB2 * 1.84E+07 1.59E-04 8.67 3.84E+07 4.57E-CG4 12.35
STLM187 3.37£+07 1.59E-02 473.00 1.00E+08 1.10E-C1 1100.00
STLM19G 1.00E408 5.34E-02 534.00 1.00E+08 1.02E-C1 1020.00
STLM191 8.46E+07 2.47E-02 292.00 1.00E+08 6.66E-C2 £66.0C
STLM192 2. 11E407 8.85E-03 420.00 1.00E+08 9.9%E-02 999.00
STLM193 4.77E+07 1.27E-02 267.00 1.00E+08 2.32E-02 532.00
STLM194 1.00E+08 7.03E-02 793.00 1.00E+08 1.50E-01 1900.00
STLM195 2.4SE+07 6.73E-03 271.00 1.0CE408 7.AGE-02 715.00
STLM197 1.83E+07 1.62E-03 88.50 2.276407 6.88E-03 232.00
STLM199 2.176+07 8.57E-04 41.40 7786407 6.57E-03 84.50
STLM200 2.35E+07 1.43E-03 6C.80 8.23E407 1.10E-82 134.00
STLM201 1.76E+07 8.52E-04 48.40 3.558407 4.1CE-03 116.00
STLM202 2.24E+07 1.19E-03 52.90 7.75E4Q7 1.04E-02 134.00
STLM203 2.04E+07 9.67E-04 47.3C 5.88E+07 6.56E-03 111.00
STLMR204 2.97E+07 2.41E-03 81.30 1.G0E+08 2.05E-02 205.00
STLM20S 1.73E+07 6.95E-04 40,10 4.04E+Q7 4.04E-03 100.00

*STELM62=C24%4, parant antibody

fon

Table

0

O
SN
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- RLB 20 Cyn-:)' Basaghil
Origin mAb IC50, wa/mi|IC50, Lg/ml endothelial { cytokine
assay release
STLM103 0.47 1.92 NT +
STLM107 0.44 1.10 NT ++
STLM108 0.23 2.34 + ++
STLM118 0.29 6.71 NT +
STLM123 0.28 1.25 NT ++
STLM124 0.35 0.87 ++ ++
STLM208 0.4¢ 0.67 ++ ++
STLM207 0.38 2.30) NT ++
STLM208 0.47 0.61 ++ ++
STLM209 0.32 .97 ++ ++
STLMZ10¢ 0.30 2.10 NT ++
STLM211 0.28 2.5) NT ++
Phage STLM212 0.33 4.3) NT +
display | STLM213 0.34 0.49 + -+
STLMZ14¢ 0.28 2.52 Nt ++
STLM215 0.29 1.30 NT ++
STLM218 0.3¢ 1.86 NT ++
STLM217 0.49 1.69 NT ++
STLM218 0.42 1.32 NT ++
STLMe1e 0.29 3.16 NT 4+
STLM20 0.39 0.60 NT 4+
STLM221 0.39 2.79 NT +
STLM222 0.25 1.8% NT ++
STLM226 0.26 0.25 ++ ++
STLM227 0.17 0.23 + ++
STLM228 0.20 0.28 + ++
STLM229 0.29 0.32 + ++
) STLM23G 0.28 0.15 + ++
HFA STLM231]  0.26 110 . +
STLM232 0.31 0.15 T+ o
hybridoma g pgo< | 0.7 011 ++ ++
2494
++ strong inhibition
+ some inhibition
- no inhibition
NT Not tested

Tested as a hybridoma

RLB = Receptor-Ligand binding inhibition
RGA = Reporter gene assay

o
[83]
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Select antiibbodies were tested for mast cell response
measuring inhibition of 3ng/mi LL-33-induced 1L-5, iL-13 and
iL-8 release from human cord blood-derived mast celis as
described using 100 ug/ml, 1C ug/mi, 1 ug/ml, 0.1 ug/mi or
¢.01 ug/ml antibvody in EPMI + 10% ¥CS. In these assay
conditions, all antibodies tested innibited IL-33-induced IL-
5, IL-13 and IL-8 cyvtokine release by about 40%-100% at an
antibody concentration 100 ug/ml when compared to a control

sample induced with IL-33.

Example 14. Anti-ST2L antibody inhibits downstream sigmnaling
pathways in human basophils

Anti-ST2L antibodies were tested for their akiiity to
inhibkbit p38 MAPRPK slgnaling in human bascphils.

wWhole wlood was collected in heparinized tubes and
brought to room temoerature (KU} orior to irnitiation of the
assay. 1 mlL of blood was aliguotted into 50 mlL conical tubes
and either anti-STZL antibody {(STLB252) or isotyee control
(CNTC 8¢27) diluted in PBS was added for a final
coricentration of 2, 20, or 200 pg/mL. Tubes were swirled
gently to mix and placed in inculator at 37°C x 30 minutes,
swirling gently after 15 minutes. Blood was then stained
with fluorochrome-lakeled antibodies against cell surface
antigens (CDi23-FITC, CRTHE2-2CP-CYS.5, and CD45-APC-C7) and
tubes were incubated at 37°C for 15 minutes. 1 mL of warmed
culture media {(RPMI-1640/10% FBS/ pen-streo) was added to
zach tuoe vefors [L-33 diiluted in warmed culturs msdia was
added for a final concsntration of 1) ng/ml. Samples were
incubated at 37°C » 10 minutes crior to the addition of 20
mLs of pre-warmed BL Phoszsflow Lyse/lix huffer to each tube,
in order to simuitaneously lyse the red klood cells and fix
the samples. Tuves were mixed well by inverting 10 times and
incubated at 37°C x 10 minutes. Samcles were washed with 20

mLs sterile RT ?BS, resuspended in 2 mis of Ix RT BD

o
b}

1%
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ferm/wWash Buffer, and incubated at RT x 30 minutes. Sampi
were washed once with 2 miLs BD Perm/Wash ouffer and then
resuspended in 400 vl BD Perm/Wash buffer. Px-labeiled
antivody against intracellular p38-MAPK (vCell Signaling,
Cat. 6€5085) was added and samples were incubated 30 min at

RT, vrotected from light. Samples were washed once with 5

€S

mLs Perm/Wash buffer before peing resuspended i 100 pL FACS

puffer and transferred to a 96-well round-bottom plate.

Samples were analyzed using a B} LSRII Flow Cytometer

utilizing a high-throughput system (HTS) collecting as many

events as poszible for each sample. Data was arnalyzed usi

Flodo software. sophils were identified as
CDAS'CRTH2CRI237 and the parcant of 38 MAPK oositive

vasophllis was assessed for each condition. Pre-incubation

whnolie blood with anti-ST2i mAR (STLBZ52) resulted in a dos

dependent. i: ition of IiL-33 induced v38-MALK
ohosphoryiation, whereas no effect was zeen with isaotype

control (CNTO 8937). The anti-human ST2L antibody

n

vecifically blocked basophil activation by recombinant hu
IL-33 in the context of whole klood. The results suggest
that anti-S8T2L antibodies irnhibit signaling py endogernous

in vivo.

(@)
(%]

O
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Pable 19.

N fsctype
iL-33 STLB252 % phosphorylated

control
(10 ng/mi) {pg/’rnl_) (Hg/ml.) p38 MAPK

- O 2.2

+ 0 80.6

+ 2 44.4

+ 20 15.7

+ 200 1.2

MO OO

76.7

+ 6] 20 79

+ 0 200 77

Example 15. Im vivo target engagement by anti-ST2L antibody

Intranasal mIL-33 & hour in vive model of BAL cell
recruitment

A single dose of 1.2 ug/mouse mlIL-33 {(R&D systems
#3626-ML/CE) or PRS was administered to male Balb/c mice (6-8
weeks old, Taconrnic). Rat anti-mouse STZL antibody CNTO 3914
or at 2, 0.2, 0.06, or 0.02 mg/kg, 24hrs prior to the first
mIL~-32 intrarasal administration. Isotype control (ITC) mAb
CNTO 5516 was dosed subcutaneously at 2 mg/kg. Six hours
following the mIL-33 {(or PBS} administration, mice were
sacrificad and blood was collected for s=rum analysis,
Bronchoalveolar lavagss (BAL) were merformed by injecting two

volumes of 0.7 mL of PBS/0.1% BSA into the

retrieving the =ffluent. The BALs were centrifuged (1280row,

10 minutes) and the cell pellet was resuspended in 200u) 28BS
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for total and differential cell counts using a hemacytomster

(ocn Wright’s - Gliemsa-stained cytosoiln preparations).

Measurement of CNTO 3914 in mouse serum
MSD SA-STD plates were blocked witn 50 pL per well of

assay buffer for 5 mirutes. The plates were turred over to

remove assay ouffer ar towels. 50 ul per

well of 1.4 pg/mL biotinviated recombinant mouse
STZL/IL1R4/Fc chimera (RgD System) in assay oduffer were added
and incubated overnignt in the refrigerator. 150 pL of assay

ouffer was added to each well of the pre-coated plates

without ramovi reagent and incubated for 30

g the coat:
minutes. The plates were washed three times with wash buffer

.

the olate washer. The ol:

s were tapped lightly on paper
towels to remove residual wash buffer. 50 ull per well of CNTO
3914 sample was added toc each well cf the plate. The piate
was incubated for one hour with gentle vortexing at ambient
temp. The plates were washed three times with wash buffer on
the plate washer. 50uL per well of titraticn of ruthernium-
labeled mouse anti-mcuse 1gGib (ED Eioscilences) was added to
zach well of the plate. The plate was incubated for one hour
with gentle vortexing at ambient temp. The plates were washed
three times withh wash buffer on the plate washer., 150 pL of

read buffer were added to each well of the plate. The gplates

were immediately read on the MSD sector imager 6000 Read

for luminescerce levels.

Whole Blood Assay

oo

Bicod wag diluted 1:4 in DMEM media + 1
Penicililint+streptomycin soiution +/- 10 ng/mi mouse IL~33 in
Sarstedt filter tubes. The tubes were incubated at 37°C
overnignt, then cvtokine and chemckine levels were measured

on the supernratants using the Millipore Milliplex Mouse

99
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Cytokine/Chemokine Xit according to manufacturer’s

instructions.

Results
Arnti-STZ2L antibody was detectabnle in the serum of mice

24 hours post-dosing with 0.2 or 2 mg/kg CNTO 2914 (Figure

[

OAY .
Intranasal administration of IL-33 induced cell
recrultment to the ailrways at 6h {Figure 16B). Anti-ST2L mAb

administration reduced BAL cell recruitment; 0.2 my/kg was

”

the mirnimum dose needed to s=e significant inhibitac of BAL
cell recrultment {Figure 16B). Statilstical significance was
calculated using Cne-way ANOV

Whole bicod stimulatad with mouse IL-33 zhowed

(o)

increased levels of cytokine and chemokines, including Li-
(Figure 1e€C) and MCP-1 (figure 1€D), after 24nh. Irn mice

dosed with 20 mg/kg or 2 mg/kg anti-ST2L mAb CNITO 3

Ne]

14, iL-6
and MCP-1 levels were reduced compared to CNTCS5516 (isotypic
control anti-mouse IgGl), implying target engagement. The
mirimum dose that correlated with inhidbition in the whole
blood assay, 2 mg/kg, also inhibited BAL cell recrultment
(Figure 16B).

Collectively this data confirms tnat the anti-STZL mAb
reaches site «of action and the intended pharmacologlc effect

was accomplished {(implies target engagement) .

Example 16. Epitopes of anti-5T2L antibodies
Epitooe mapping and competition studies were conducted

to select anti-STZ1

antibodies.

Competition binding assays
Competition binding assays were performed to evaluate
different pinding eritope groups for anti-STZ2L mAbs. 5 ul (10

Hwg/ml) of ST2L-ECD protein was coated on MSD HighBind plate

140
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(Meso Scale liscovery, Gaithersoburqg, Mb) ver weli for 2 hr at
room temperature. One-hundred and fifty microliters of 5%
MSE2 Blocksr A huffer (Meso Scale Discovery, Galthershurg, MD)

was added to each well and incubated for 2 hr at room

termperature. Plates were washed three times with 0.1 M HEE
vuffer, pE 7.4, followed by the addition of the mixture of
the MSD flucrescence dye (sulfo tag, NHS ester) laveled
individual anti-ST2L antivody with different competitors.
Labeled antibody, 10 or 3C nM, was incubated with increasing
concentrations of competitor antibodies, from 1 nM to 2 or 5

tM, and then added to the designatsd wells in a voiume of 25

J

2=Nouy incu ion with gentle shaking at

HL mixturs.

wers wasihad 3 times with C.1IM HEPES

room temperature, plat
vuffer (pH 7.4). MSD Reed Buffer T was diluted with distilled
water (4-fold) and dispensed at a volume of 150 uL/well and
analyzed with a SECYOR Imager 6000.

¥Following antibodies were used in competiftion assays:
ST2L Pomain I binding neutralizing antivodies STLM2O8,
STLM213, €C2244 (STLM1S5) and €24354 (STLM6Z), STZL Domain III
vinding antivody C2539, and a non-neutralizing anti-ST2L
antibody ©2240 binding Domain I of human ST2L. Figure 172 and

1T i~
L/D 5

fu

:0ws the competition experiments. Based on the
experiment, the epiltope bins identified were: BinA: mAovs
2244, <2494, STLM208 or STLM21Z3; BinB: mAbk 2240, BinC:

C2539, The antibodies blocking IL33/S5T2L interaction and

piting mast rasponsaes wers found in the same spitops

to cross-compete with each other, Summary of trb

"

competition data is shown in Table 20.

161
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Table 20.

Competitor Labeled Antibody

C2240 | C2539 | C2244 | (2494

€2240 + - - -

C2538 - + - -

C2244 - -

C2494 - -

STLM208 - -

+ |+ P+ |+
i+

STEM213 - -

Epitope mapping: H/D exchange analysis

For E/D exchange, the procedure used to analyze the
antiipody perturbation are similar to the one descriied
previously {Eamurc, Y., et al., Journal of Biomolecular
Techniguss, 14:171-182, 2003; Horn, J. E., et ai.,
Biochemistry, 45: 8488-8498, 2006) with some modificatiorn.
Recompinant ST2-ECD {exprassad from HEK293E witn C-ferminal

\

His~teg) (residues 18-328 ¢f SEQ ID NO: 157) wes incubatad io

a deuterated water sclution for pra-determined
resulting in deuterium incorooration at exchangesable hyvdrogen
atorns. The deuterated ST2-ECD was captured on & coiumn
containing immebillzed anti-ST2L C2244 Fab molecules and then
washed with aguecus buffer. 7The back-exchanged S12-ECDH
orotein was eluted from the column and localization of
devterium containing fragments was determined by protease
digestiorn and mass spec analysis.

Figure 18 shows a simplified E/D exchange map of the
human ST2-ECD {soluizle 3T2) complexed with C2244 Falb.
Residues 18-31 of ST2-ECD of SEQ ID NC: 119 (amino acid
resrdues RCPRQGKESYTVDW,; SEQ ID NCO: 210) were protected by

.

the Fab (corresponding to residuss 35-48 of full langth ST2L
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of S50 ID NO: 1. The data indicates that C2244 binds

ecitope RCPROQGRRPSYTVOW; SHQ LD NO: 210), and that antibodies

competing with C2z44 (CZ494, LM2G8 or STLMZ213) are likely

to bind the zame or overlacping epitope.
Epitope mapping by mutagenesis
Several STZL mutants were generated having

substitution sponding mouse residues at ST2L Domain

I. oodies do not croass—-rsact with mouse ST2L,

therefore it 1is expected that STZL variants with abolished
and/cr reduced ovinding ars indicative of epitope residues at
the substituticor sites on STZL. Variants wers made into
construct HH-STZL having residuss 19-205 of full length ST2L

of

ID NO: 1 using stacdard methods. Antibodies were

tested for binding to the ST2L variants by ELISA or Proteon.

Surface Plasmon Resonance

Binding studies were zerformed using the ProteOn XPR36
Protein Interaction Array system {Bio-Rad) ({(Bravmar T, et al.
Anal Biochem 358:281-288, 200¢). Anti-human/anti-mouse Fc
mixture {Jackson ImmunoRassarch, Cat#, 109-005-098/115-005-
071} was xmmoxilized on the GLC senscr chip by amine-ccupling
cnemistry. Individual anti-STZL mAo was then captured by
flowing (1 pg /ml) antibody soluticn preparsd io FBS
containing 0.5% Nonidet ?-40 and 0.5% Na-deoxycholate). The
signal in the surfaces reached ~250 resornance units (R4, 1 Ry
= 1 pg protein/mmﬁ) in the anti-Fc-coated surfaces,
confirming that these antibodies specifically capture anti-
ST2L mAbs. After 90° rotation of the fluid system, wild type
of ST2L-DiD2 c¢r variant proteins {0.5 mg/mL in PBS containing
0.5% Nonidet 2-40 and 0.5% Na-decxycholate) was injected in

the raliel flow channrels. ALl of these assays weres

performed at 25°C. The ST2L-DiD2-dependent signals on tha

surfaces were obtained by doubls referencing, subtracting the
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response observaed on surfaces immobilizing the antibodies
alone, and the signal obssrved injscting the vehicle alons
(which allows correction for binding-independent responses).
Trne resulting sensorgrams were fitted oy the simplest 1:1
interaction model (ProteOn analysis software}, to obtaln the
corresponding association and dissociation rate constants {kg
and kg) .

rigure 19 shows the ST2L variants that wesre made and

affinity of S$W2B206 and ST2B2%52 anti-ST2L antibodies tao the

variants. Variant 93NL94 (substitution 93TE¥34-> 93NL34)

reduced binding affinity of oboth STLMZ08 and STLEZS5Z by avout

4 M to about 49.5x107° M. Lack of

S5~fold from apout 10.8x10
sigrnificant reduction of vinding affinity implies that the
vinding energy for the interaction between antibody and ST2L-
D2 is a sum of epitcpe region (RCEFRQGKPSYTVDY SEQ ID NO:
0y identified by H/D exchange analysis and additional
contribution from this 93NLO94 site., Residue numbering 1s

according to fuil length human SY2L of SEQ ID NO: 1i.

Example 17. ST2L Domain I binding antibodies inhibit primary
human lung mast cell responses in wvitro

Ability of the ST2L Demain & binding antibodiss to
inhibit lung mast cell responses were assessed by relesase of

cnenckines and c¢ytokines in primary numan lung mast cells.

Isclation of primary human lung mast cells

Primary numan lung mast cells were isclated from normal
non-smoker tissue cbtained from the Internaticnal Institute
for the Advancement of Medicine. Cells were dispersed from
the lung parenchyma and small airrways oy mincing, washing,

and digesting the parenchvme tissus cvernight at 37°C in

collagenase and hyaluronidase enzynes, (e=lls were collect

washed, and subiected to ac snrichment procedure using the

CD117 MicroBzad Kit {human) from MACS Miletnvi Biotec to

144
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vositively select the mast cells from the population. FPrion
to experimentation, mast cells were culitured for 6 weeks 1in
StemPro-34 + 200ng/ml stem cell factor. Two weeks after
isolation, cells were phenotypically characterized using flow
cytometry to determine the percent mast cell purity. The
cells used in subsequent assays were 89% double vositive for
CPli7 (C-kit or stem cell factor resceptor) and FciRI (the

nigh affinity IgE receoptor). Furthermore, they were 94.2%

vositive for STZL; thereby confirming t mast cell

phenctype.

Cytokine release assay from primary human lung mast cells
Primary human iung mast cells that had been cultured in

StemPro=-34 + 200ng/ml stem cell factor for epproximataly 6

1n REMI

weeks were collected, and washed by centrifugetion

(10% heat-inactivated ¥CS). Cells were counted

RPMI / 10% #CS medium at a density of 65,000 cells in a 96
well plate. The Anti-STZL Domailn I binding Mabs were added
toc the vrimary lung mast celils, and allowed to bind for 30
minivtes at 37°C prior to stimulation with IL-23. Cells were
stimulated for 24 hours with 3ng/ml IL-33 in order to

initiate accumulation of various medisators into the culture

supernatant.  Culture supernatant was harvested and stored

frozen until assaying 1in a custom Milliwmlex 9-plex kit.

Anti-STZL Pomain I binding antibody, STLM208, inhikbited
IL.-33~-induced GM~-CSE (Figure 20A), IL.-5 {(Figure 20B), ILL-8
(Figurs 20C), and IL-13 (¥igure 200) release in primery human
iung mast cells at antibody concentrations 100 pg/ral, 10

rg/ml and 1 pg/mil. Similar results were cobtained using the

]

ord bicod-derived mast ceils {data not shown).

%
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CLAIMS:

1. An isolated human or human-adapted antibody antagonist or fragment thereof that
specifically binds Domain | (SEQ ID NO: 9) of human ST2L, comprising a heavy chain
complementarity determining region (HCDR) 1 (HCDR1), a HCDR 2 (HCDR2), a HCDR 3
(HCDR3), a light chain complementarity determining region (LCDR) 1 (LCDR1), a LCDR 2
(LCDR2), and a LCDR 3 (LCDR3), wherein the HCDR1, HCDR2, HCDR3, LCDR1, LCDR2, and

LCDRS3 comprise:
a) SEQ ID NOs: 78, 81, 84, 87, 90 and 92, respectively;
b) SEQ ID NOs: 78, 81, 84, 130, 90 and 131, respectively;
c) SEQ ID NOs: 78, 81, 84, 130, 90 and 132, respectively;
d) SEQ ID NOs: 78, 81, 84, 130, 90 and 133, respectively;
e) SEQ ID NOs: 78, 81, 84, 130, 90 and 134, respectively;
f) SEQ ID NOs: 95, 109, 84, 130, 90 and 131, respectively;
g) SEQ ID NOs: 96, 110, 84, 130, 90 and 131, respectively;
h) SEQ ID NOs: 97, 111, 84, 130, 90 and 131, respectively;
i) SEQ ID NOs: 96, 110, 84, 130, 90 and 134, respectively;
i) SEQ ID NOs: 97, 111, 84, 130, 90 and 134, respectively;
k) SEQ ID NOs: 97, 112, 84, 130, 90 and 134, respectively;
l) SEQ ID NOs: 98, 113, 84, 130, 90 and 134, respectively;
m) SEQ ID NOs: 97, 115, 84, 130, 90 and 134, respectively;
n) SEQ ID NOs: 99, 116, 84, 130, 90 and 133, respectively;
0) SEQ ID NOs: 100, 117, 84, 130, 90 and 133, respectively;
p) SEQ ID NOs: 101, 118, 84, 130, 90 and 133, respectively;
q) SEQ ID NOs: 102, 120, 84, 130, 90 and 132, respectively;
r SEQ ID NOs: 103, 121, 84, 130, 90 and 132, respectively;
s) SEQ ID NOs: 103, 122, 84, 130, 90 and 131, respectively;
t) SEQ ID NOs: 103, 123, 84, 130, 90 and 131, respectively;
u) SEQ ID NOs: 104, 124, 84, 130, 90 and 131, respectively;
V) SEQ ID NOs: 105, 125, 84, 130, 90 and 131, respectively;
w) SEQ ID NOs: 106, 126, 84, 130, 90 and 131, respectively;
X) SEQ ID NOs: 95, 127, 84, 130, 90 and 131, respectively;

SEQ ID NOs:

107, 128, 84, 130, 90 and 131, respectively;
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z) SEQ ID NOs: 108, 129, 84, 130, 90 and 131, respectively;
aa) SEQ ID NOs: 97, 114, 165, 130, 90 and 134, respectively;
bb) SEQ ID NOs: 97, 114, 166, 130, 90 and 134, respectively;
cc) SEQ ID NOs: 97, 114, 167, 130, 90 and 134, respectively;
dd) SEQ ID NOs: 97, 114, 168, 130, 90 and 134, respectively;
ee) SEQ ID NOs: 97, 114, 169, 130, 90 and 134, respectively;
ff) SEQ ID NOs: 97, 114, 170, 130, 90 and 134, respectively;
ag) SEQ ID NOs: 97, 114, 171, 130, 90 and 134, respectively;
hh) SEQ ID NOs: 97, 114, 172, 130, 90 and 134, respectively;
i) SEQ ID NOs: 97, 114, 173, 130, 90 and 134, respectively;
i) SEQ ID NOs: 97, 114, 174, 130, 90 and 134, respectively;
kk) SEQ ID NOs: 97, 114, 175, 130, 90 and 134, respectively;
)] SEQ ID NOs: 97, 114, 176, 130, 90 and 134, respectively;
mm) SEQ ID NOs: 97, 114, 177, 130, 90 and 134, respectively;
nn) SEQ ID NOs: 97, 114, 178, 130, 90 and 134, respectively;
00) SEQ ID NOs: 97, 114, 179, 130, 90 and 134, respectively;
pp) SEQ ID NOs: 97, 114, 180, 130, 90 and 134, respectively;
qq) SEQ ID NOs: 97, 114, 181, 130, 90 and 134, respectively;
rr) SEQ ID NOs: 97, 114, 182, 130, 90 and 134, respectively;
ss) SEQ ID NOs: 97, 114, 183, 130, 90 and 134, respectively;
tt) SEQ ID NOs: 97, 114, 184, 130, 90 and 134, respectively;
uu) SEQ ID NOs: 97, 114, 185, 130, 90 and 134, respectively;
vv) SEQ ID NOs: 23, 27, 31, 35, 39 and 43, respectively;

ww) SEQID NOs: 24, 28, 32, 36, 40 and 44, respectively;

XX) SEQ ID NOs: 24, 28, 146, 36, 40 and 147, respectively; or
yy) SEQ ID NOs: 24, 28, 146, 36, 40 and 44, respectively.

2. The isolated antibody antagonist of claim 1, comprising a heavy chain variable region

(VH) and a light chain variable region (VL), wherein:
a) the VH comprises a VH framework derived from human IGHV3-23 (SEQ ID NO: 158),
IGHV1-24*01 (SEQ ID NO: 148), or IGHV1-f*01 (SEQ ID NO: 149) framework sequence; and
b) the VL comprises a VL framework derived from a human IGKV3-11 (L6) (SEQ ID NO:
159), IGKV3-15*01 (L2) (SEQ ID NO: 150), IGKV1-9*01 (L8) (SEQ ID NO: 151), IGKV1-5*01
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(L12) (SEQ ID NO: 152), IGKV1-12*01 (L5) (SEQ ID NO: 153), IGKV1-39*01 (012) (SEQ ID
NO: 154), IGKV1-27*01 (A20) (SEQ ID NO: 155), or IGKV1-33*01 (018) (SEQ ID NO: 156)

framework sequence.

3. The isolated antibody antagonist of claim 2, wherein:

a) the VH framework is derived from human IGHV3-23 (SEQ ID NO: 158) framework
sequence; and

b) the VL framework is derived from human IGKV3-11 (L6) (SEQ ID NO: 159) framework

sequence.

4. The isolated antibody antagonist of claim 2 or claim 3, comprising the VH and the VL of:

SEQ ID NO:

186 and SEQ ID NO:

206

, respectively;

)
b) SEQ ID NO: 187 and SEQ ID NO: 206, respectively;
c) SEQ ID NO: 197 and SEQ ID NO: 206, respectively;
d) SEQ ID NO: 198 and SEQ ID NO: 206, respectively;
e) SEQ ID NO: 199 and SEQ ID NO: 206, respectively;
f) SEQ ID NO: 200 and SEQ ID NO: 206, respectively;
g) SEQ ID NO: 201 and SEQ ID NO: 206, respectively;
h) SEQ ID NO: 202 and SEQ ID NO: 206, respectively;
i) SEQ ID NO: 203 and SEQ ID NO: 206, respectively;
i) SEQ ID NO: 204 and SEQ ID NO: 206, respectively;
k) SEQ ID NO: 205 and SEQ ID NO: 206, respectively;
D) SEQ ID NO: 195 and SEQ ID NO: 207, respectively;
m SEQ ID NO: 196 and SEQ ID NO: 207, respectively;
n) SEQ ID NO: 188 and SEQ ID NO: 208, respectively;
0) SEQ ID NO: 189 and SEQ ID NO: 208, respectively;
p) SEQ ID NO: 190 and SEQ ID NO: 208, respectively;
q) SEQ ID NO: 187 and SEQ ID NO: 209, respectively;
r) SEQ ID NO: 192 and SEQ ID NO: 209, respectively;
s) SEQ ID NO: 193 and SEQ ID NO: 209, respectively; or

SEQID NO

: 194 and SEQ ID NO:

209,

respectively.
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5. The isolated antibody antagonist of any one of claims 1-4, wherein the antibody
antagonist is of IgG1, 1gG2, IgG3, or IgG4 isotype.

6. The isolated antibody antagonist of claim 5, wherein an Fc region of the antibody
antagonist comprises a substitution.

7. The isolated antibody antagonist of claim 6, wherein the substitution comprises
M252Y/S254T/T256E, V234A/G237A/P238S/H268A/V309L/A330S/P331S, or
S228P/L234A/L235A, wherein residue numbering is according to the EU numbering.

8. The isolated antibody antagonist of any one of claims 1-7, wherein the antibody
antagonist blocks IL-33/ST2L interaction.

9. The isolated antibody antagonist of any one of claims 1-8 having a dissociation constant
(KD) to human ST2L between about 5x10"? M to about 7x10™'° M, an on rate constant (Kon) to
human ST2L between about 2x10° M's™ to about 1x10® M's™, or an off rate constant (Koff) to
human ST2L between about 1x10° s™ to about 1x102 s,

10. The isolated antibody antagonist of any one of claims 1-9 having a dissociation constant
(KD) to Macaca fascicularis (cyno) ST2L (SEQ ID NO: 2) between about 3x10™'? M to about
2x10 M, an on rate constant (Kon) to cyno ST2L between about 4x10° M™'s™ to about 1x10°

M's™, or an off rate constant (Koff) to cyno ST2L between about 7x10°s™ to about 1x10™'s™.

11. An isolated polynucleotide encoding the isolated antibody antagonist of any one of
claims 1-10.

12. A vector comprising the isolated polynucleotide of claim 11.

13. A host cell comprising the vector of claim 12.

14. A method of producing an antibody antagonist, comprising culturing the host cell of claim
13 and recovering the antibody antagonist from the host cell.
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15. An antibody antagonist when produced by the method of claim 14.

16. A pharmaceutical composition comprising the isolated antibody antagonist of any one of

claims 1-10 or 15 and a pharmaceutically accepted carrier.

17. A method of treating or preventing a ST2L-mediated condition in a subject comprising
administering a therapeutically effective amount of the isolated antibody antagonist of any one of
claims 1-10 or 15, or the pharmaceutical composition of claim 16, to the subject for a time
sufficient to treat or prevent the ST2L-mediated condition.

18. The method of claim 17, wherein the ST2L-mediated condition is asthma, airway hyper-
reactivity, sarcoidosis, chronic obstructive pulmonary disease (COPD), idiopathic pulmonary
fibrosis (IPF), cystic fibrosis, inflammatory bowel disease, (IBD), eosinophilic esophagitis,
scleroderma, atopic dermatitis, allergic rhinitis, bullous pemphigoid, chronic urticaria, diabetic
nephropathy, rheumatoid arthritis, interstitial cystitis or Graft Versus Host Disease (GVHD), or is
associated with inflammatory cell recruitment in lung, goblet cell hyperplasia, increased mucous

secretion or mast cell response.

19. A method of inhibiting a mast cell response in a subject comprising administering a
therapeutically effective amount of the isolated antibody antagonist of any one of claims 1-10 or
15, or the pharmaceutical composition of claim 16, to the subject for a time sufficient to inhibit

the mast cell response.

20. The method of claim 19, wherein the inhibiting mast cell response comprises inhibiting
the level of GM-CSF, IL-5, IL-8, IL-10 or IL-13 released by human cord blood-derived mast cells
by at least 50% with 50 ug/ml antibody.

21. A method of inhibiting interaction of IL-33 and ST2L in a subject, comprising
administering to the subject the antibody antagonist of any one of claims 1-10 or 15, or the
pharmaceutical composition of claim 16, in an amount sufficient to inhibit the interaction of IL-33
and ST2L.

22. The method of claim 21, wherein the subject has a ST2L-mediated condition.
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23. The method of claim 22, wherein the ST2L-mediated condition is asthma, airway hyper-
reactivity, sarcoidosis, chronic obstructive pulmonary disease (COPD), idiopathic pulmonary
fibrosis (IPF), cystic fibrosis, inflammatory bowel disease, (IBD), eosinophilic esophagitis,
scleroderma, atopic dermatitis, allergic rhinitis, bullous pemphigoid, chronic urticaria, diabetic
nephropathy, rheumatoid arthritis, interstitial cystitis or Graft Versus Host Disease (GVHD), or is
associated with inflammatory cell recruitment in lung, goblet cell hyperplasia, or increased

mucous secretion, or mast cell response.

24. Use of the isolated antibody antagonist of any one of claims 1-10 or 15 for the
manufacture of a medicament for:

treating or preventing a ST2L-mediated condition in a subject;

inhibiting a mast cell response in a subject; or

inhibiting interaction of IL-33 and ST2L in a subject.
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Figure 2.
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