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ST2L antagonists and methods of use

Cross reference to related applications

This apolication claims

5 yidlcation tal Number 13

United Sates Application Serial Number 13/798,226 filed 123
March 2013, United Sates Provisional Application Number
61/640,407, filed 30 April 2012 and United Sates Provisional
Application Number 61/640,238, filed 20 April 2012, the

10 entire contents of which are incorporated herein by
reference.

Fiald of the Invention
The present inve to , antagonists,
15 velvnucieotides encoding the antagonlsts or fragments

thereof, and methods of making and using the foregoing

] e
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Background of
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L 33R)
20 family member exoressed on the

of immune cells in
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czinophils, mast cells and th
innate lymphoid type 2 cells,

- .y , 4 i1 . o
25 {(bDCs), macrophages, and neutrophils. STZ2L is able to
downregulate the responsivensss of Toll-like Receptors TLRZ,

induce type 2 cyhokine release via

Yalarmin’,

(&%)
o

resices Ln

and endothelial cells during homecstasis, but can be cleaved

L

sed during

2L signaling regulres asscoclation of the accessory

oroteln lLL-1RAcCP to preformed ST2L/1L-33 complex. The
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Ny ) - ™ 7 T e = en . — . s - - - < 2.
STZL/IL-33/1L-1RAcP has been shown to form a signaling

complex with ¢~-Kit on mast cells, the receptor for stem cell
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L~33 induced cytokine production in primary

10 115:3895-90¢, 2010},

Activation of ST2L lea 2 ocytokine

responses

1y IL-5 and IL-13), mest cell and

r-reactivity,

also been reported to ampl

Thl and Thl7 responses Through

15 induction of IFNy from NKT

7

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

@

implicated in a variety of immune-mediated diseases,

including asthma, rheumatoid artl inflamcatory bowel

disease, atcpic dermatitils,

20 pelyeosis, and systemic sclerosis (reviewsd by Palmer and
14 7 4

t-J
D
3

14:2919-27, 2005, Kamekura et al., Clin Exp Allergy 42:218-

28, 2012; Manetti et al., Ann Rheum Dis ©9:598-605, Z0L0j.
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Thus, there is a need for ST2L antagonists that are

suitable for use in the trestment of ST2L mediated diseases

Brief Description of the Drawings

30 Figure 1 shows inhibition of airway hyper-

5 by STZL Domain I binding maAb CNTO3914 in a

responsivenes

’A

model of lung inflammation induced by intranasally

w
=
[}
poet

administered 1L-33 when compared to the isotvpe cont
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CNTOS516. Peak alrway resistance was measured upon

KK Ky [ £~ T { S TT 22 7 T w1+ T 2R atmont
*xxp<0.001 for CNTO3914/1IL-32 vs. PBS with IL-33 treatment

5 group.

{(BAL) cell recruitment by STZL Domain

ammation induced by intranssa

administered IL-33 when compared to the

10 CNTO5516. *%*p<(.001.

Figure 3 shows dose-dependent inhibition of release o

IAMMCP-1) by 3TZ2L Domain I binding

e BaL fluid in & model of
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ion dndy intranasally adminlistersd

*rdo< 001, vs. CNTOSZL6 (isotvype cor

Figure 4 shows inhibition of IL-33-induced GM-~CSF

(Figure 44}, IL-5 ({(Figure 4B}, and TNFx (Figure 4C)} release

> - - P ~el e o . K NIV € LN e
20 derived mast cells in vitro. The CNTO3914 concentrations
used are shown as ug/mi and IL-33 concentrations as ng/ul in

varenthesis.
Figure 5 shows inhibition of IL-33-induced
oataglandin D2 {PGD:;) release by human cord blood-derived

ST2L Domain I binding mab C24%4 (STLM6Z) at
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and C2491

L = AN DY .
ONE. MOX~PDG,:

5

methoxyisamine-PGD;.

Figure &6 shows inhibition of GM-CSF (Figurue 64A), I1L-38
(Figure 6B}, IL-5 (Figure €C), IL-13 (Figure 6D} and IL-10

30 {(Figure 6E) release by indicated concentrations {(ug/mi) of

< s A

s Domain I binding mAbs (2244 and C2494 in human cord
blood derived mast cells (hCBMCs) in the presence of 1 ng/ml

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

factor).
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Figure 7 shows effect on GM-CIF (Figure 7A), IL-8

{(Figure 7B),

(Figure 7E}

IIT binding mAbs CZ519 cor CZ521 in human cord

-

STZ2L Domain

5 blood-derived mast cell in the presence of 1 ng/ml IL-33 in

PERN .o ST e o T e (T T oo
SNOWS Sy By LL-8; C) LL-5%;

Domain I binding mAb

C24%4 and STZ2L Domain I binding mabs ST2M4E (M48), STZM4A9

10 in human

Py \ a e i - - Ny
(hCBMCs) in the presence of

in RPMI/10%FCS medium + 100ng/ml SCF.
Figure 9 shows average percent (%) inhibition of anti-

7

ST2L antibodieszs binding I {Dl) or Deowmain IIL {(D3) of

on GM-CSE,

tested. Negative values indicate % activation.
Figure 10 shows heavy chain variable regions (VH) and
20 heavy chain CDH seqgquences of anti-ST2L antibodies derived

from phage display libraries and after subseguent affinity-

le reglons (VL)

i1ght c¢hain CDR sequences of anti-ST2L antibodies derived
£
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ifter subseguent affinity-
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)

hows VH and VL regions and seqguences of

[25L antibody ST

HCDR3 wvariants.

sequences of anti-ST2L

[

30 Figure 13 shows A} VE and B) V

antibodies derived from phage display librarieszs and after

binding sites transferred to human frameworks (transferred
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marked as HFA, “human framework adaptation”).

Ial

underlined and Chothia #AVs indicated in dashed

the indicated transferred HEA regions. Numbering of VH and
VL residues is according to Chothia. Residues highlighted in

5 grey in VH were not transferred in some HFA variants. CZ494
VH: SEQ ID NO: 48; C2495%4 VH: SEQ ID NO: 32,

Figure 13 shows CDR of huwman framework

adapted (HFA} antibodies ad from C2494,

of anti-3T2L

10 CNTO3914 B) inhibition of broncheoalveolar Lavage (BALY) cell
recrulitment €} inhibiticon of IL-6 secretion by whole blood
inhibkbition of MCP1l secretion

by whole blcod cells s

.

heurs post-dosing in a 6 hour model of lung inflammation
1= induced by

**p<0,.01,

one data polnt

Figure 17. Competition between various anti-ST2L

microwalls, C2Z244 competed with C24924 but not with C2539. B}

abeled C2494 was compsted

for binding to ST2L-2CD coated on microwells., £2494

S
C
a
D]
ot

P
C

with STLIMZ08 and STLMZ13 but not with C2539

25 Figure 18 shows a simplified H/D exchange map of the
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119) complexed with CZ2244

regiconsg protascted by the antibody were displaved in

scale as lndicated. Segments encompassing residuses 18-

31 (boxed in dashed line

~——

(corresponding to residuses 35-48 of
30 full length ST2L of 3EQ LD NO: 1) were protected by the Fab.
Region encompassing resildues 71-100 {(bozxed in solid line)

{corresponding to residues 88-117 of 3EQ ID NC: 1) were

heavily glvcosylated and not covered by peptides.
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Figure 18 shows kinetic and affinity constants for ST2L

[

Domain I binding antibody for ST2L veariants as

'11

figur

cne

D

7

Figure 20 shows inhibition of A)Y GM~-CSE; B} IL-5; C)
5 IL-8; D) IL-13 secretion from primary human lung mast ce

by an anti-3STZL0 antibody STLM208.

Summary of the invention

The invention provides an isclated human or human-
10 adapted antibody antagonist or fragment thereof that
of

specifically binds Domain I (SEQ ID NOC: 9)

The invention also provides human—adapted antibody

-t

specifically binding human ST2L having

15 chain and heavy chain variable region

certain heavy chaln and light chain

complementarity determining segquences.

The invention alsc provides human or human-adapted

antibody antaconists specifically biding human 3ST:ZL at
20 defined epitope regions and/or having certain
characteristics as described herein.

The inventlion also provides an isclated
polynucleotide encoding the heavy chain varia

region {(VH} or the light chain variable regicns (VL)

25 of the invention.
m - <7 - = e P e~ ] - e o VI Y T e Py -
The invention also provides a vector comprising an
isolated polynucleotide of the invention
fau i I - -~ — . + —_ h (e 2 L
The invention alszso provides a host cell comprising
a vector of the invention.
30 The invention alsc provides a method ¢f producing

o5
3
]

antibody of the invention, comprising culturing a
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host cell of the invention and recovering the antibody

h
-:'

rom the cell.

The invention also provides a pharmaceutical

compesition comprising an isolated antibody of the

-

invention and a pharmaceutically accepted carrier.

The invention also provides a method of treating
or preventing a S8T2L-medliated condition comprising
administering a therapeutically effective amount of an

lsolated antibody of the invention to a patlient in need

thereof for a time iclent to treat or prevent the

STZL-mediated condition.

The invention alsco provides a method of inhibiting
mast cell response in a patient comprising
administering a therapeutically effective amount of an

lsolated antibody of the invention to a patlient in need

-

to inhibit the mast cel

The invention alsco provides a method of inhibiting

interaction of IL-33 and STZL in a subject, comprising

antibhody that

ui
o
3
3}
_5

tering to the subject

o)
@}
=
ey
o]
-
4]
s r

specifically binds domain I of 5TZ2L in an amount

sufficient to inhibkit the interaction of IL-33 and

¢
e
.

ilmitedc to paltents

this speclification are

though fully set forth.
It is to be understood that the terminology used herein

is for the purpose of describing particular embodiments only

and 1s not intended to be limiting.

PCT/US2013/038637
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have the same meaning
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equivalent to those described herein can be used in the
practice for testing of the present invention, sexemplar

materials and methods are described herein. n describing

oligonucles

Antagonists can

identifiad

ological activity

owW. ST2L antagonists may inhibilt measured STZL

The term “STZL" or “hulSTZL” or “human ST2L7 refers to a
human 57254 polypeptide having an amino acid sequence shown in

GenBank Acce, No. NP 057316, SEQ ID NO: 1 shows the amino
s

axtracellular domain”, “ST2L-ECD” or “huSTZL-ECD"” as used

having amino acids 18-328 of SEQ

7 T
}

., huSTZL-ECD has three Ig-like C2-type domains

T, SEQ ID NO: 9), =

0y, and residues 209-324

{(Domain 111,

“ST2L Domain
first immuncglobulin-like domain on human STZ2L having the
sequence shown in SEQ ID NO: 9. “Domain 1117 or “ST2L Domain
II1” refers to the third immunoglcobulin-like domain on human

or o T ey o e P o~ - e . - - RN
STZL having the sequence shown in SEQ

ba
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The term “IL-33" as used herein includes full length
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-270, 115-270, 95-270, 99-270, or 10S-270

16 109:1673-8, ¢

T . W

nously expressing IL-33. IL-33

active form” is or

uces STZ2L biloloc

“antibodies” as used herein is meant in a

.

15 broad sense and includes immunoglobulin molecules inciuding
relyvclonal antibodies, moncclconal antibodies including
mirine, human, human-adapted, humenized and chimeri
monoclonal antibodies, antibody fragments, bispecific or
multispecific antibodies formed from at least two intact

20 antibodies or antiboedy fragments, dimeric, tetrameric or

multimeric antibodies, and single chain antibeoedies

Igs and IgM, depending on the heavy

constant domain amino acid seguence. IgA and IgG are
25 further sub-classified as the iscotyoes IgA, Igh,, IgG, G,
IgG: and TgiG,. of any
specles can be asszlgned to one of twoe clearly distinct tvpes,

Lamb

sequences of their constant domains.

(O8]
-]

The term “antibody fragments” referszs to a portion of an

immunoglobulin molecule that retalns the heavy chain and/or

-

the light chain antigen binding site, such as a heavy chain

complementarity determining

complementarity

9
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and 3, a heavy ch
variable regicn {

antibodies (dAb}

5 can be linked tog
types f singogle ol
_YRes O cing.ile C
domains pailr inty
caases when the VH

16

antibody

15 region i
antigen binding s

Complemnmen

(HCDR1, EC

20 Exp Med 132:211-5

of Immunological
Naticonal Institut

re

H2, H3} and three
25 regions of an ant
hypervarial in
(Chothia and Lesk,
inciude “Il
27:55-77,
30 (SDRUY (AL

International
o /s : .
{htto://www imgt

of

ant

- Qrg)
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alin variable region (VH), or a light chair
VLY. Antibody fragments include well known
and ¥v fragments as well as a domain
consi ng one VH domain. VH and VL domains
ether via s synthetic linker to form various
hain antibody designs where the VE/VL
ameclecularly, or intermolecularly in those
and VL domains are expresssd by
to form a meonovalent
such a@s single chailn Fv {scEv) or
example in Int. . Publ. No.
Pubi. No. WCE8/01649; . Publ,
. Publ. No. WCS2/01047

varliable region consists of a “framework”

by three “antigen binding . The
ites are defined using various fterms: {1}
etermining kRegions (CDRs), three in the VH
DR3Y, and three in the VL (LCDRL1, LCDRZ,

on sequence varlability {Wu and Kabat, J
O, 1270; bat et al., Seguences of Proteins
Interest, 5th Ed. Public Health Service,
es ¢of Health, Bethesda, Md., 1891}. (11}
gions”, “HVR"”, or “HV”, three in the VH {(HI1l,

in

tibody

struct

Mo L

InMuncGeneTlics

e

igen-b

the

are

Biol Other terms

jshilakel
NN
2

rovides a standardized numbering and
inding sites. The correspondence

10
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between CDRsz, HVs and IMGT delineaticns is described in
Lefranc et al., bev Comparat Immunol 27:535-77, 2003.
“Chothia residues” as used herein are the antibody VL
and VH residues numbered according to Al-Lazzikani {(Al-
5 Lazikani et al., J Meol Bicl 273:927-48, 1997).

A\

Framework” or “framework sequences” are the remaining

sequences a variable region other than those defined to be

antigen binding site. Because the antigen bindir

be defined by various terms as described above,

16 aminc acid seqguence cof a

Human antilbody” or “fully human antibody” refers to

=tant region

region

3 ol

sequences devived from human immunoglobulin seguences. Huwman

cof the invention may include substitutions so that

they may not be exact copies of expressed human

ilne gene seguences. However,
antibodies in which antigen binding sites are derived from a
non-human speciles are not included in the definition of

20 “human antibody”.

“Human-adaphted” antibodies or “human framework adapted

also refers to antibodies in which

from non-human species are grafted onto

[\\
w
[}
@
Kol
o
@
s}
[
D]
w
(o3
®
ks
’.J
o
[

human

" odies wherein the

“Humanilzed antibodies

antigen bkinding sit from non-huu

the variable region fra

=
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)
e
]
&
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—
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immunoglol
substitu

may not

germline gene sequences.
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two antibody variable region aminc acid sequences
being compared are identical or have

differences” Insubstantial differences are substitutions of

a

; 8, 9, 10, or 11 amino acids in an
antibody or antibody wvariable region sequence that do not

adversely affect antibody propertiss. Amino acid seguences

to the variable region sequences

the application, In

16 some embodiments, the seguence identity can be

o Oon o GO oA 059 G oo o sye=n o098
81%, biZ%, Y3w, 94%, 95%, Yo%, 9/‘, IO, Paw OX
De

be determined for example by palrwise

alignment using the default settings of the Align¥ module of

Vector NT

15 sequences of the present invention can be used as a query

sequence to perform & search against public or patent

to, for example, ildentify related seguences

B

Exemplary orograms used to perform such searches are the

programs {(http //www ncbhi nim/nih gov), or

{GenomeQuest, Westl ugl

A

The term "epitope® as used hereln means a portion of an

antigen to which an antibody specifically binds. Epitopes

Ny
(O3}
o]
S
l_‘
&)
S
<
by
=
b
o
=
e
v
P

mhoklc) surface groupings of moleties such

o
U

KR -
S51Ge Cf

istics. An epitope can

compesead of contiguous and/or discontiguous amino aclds that

(O8]
-]

form a2 conformaticonal spa unit. fFor a discontiguous

spitopse, amino acilds from differing portions of the linear
sequence of the antigen come in close proximity in 3-

TOTAal gQran through the £ ldin Af the nroTtail
dimensional space hrough Tthe Toliding oI the protein

b
[N
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e. An exemplary epitope is Domaln I of huST2L shown

R, SO TS N
i 5);”;;\{ A NQL 2.,

formed by a spatial relationship between non-contigucous amino

acids of an antibody rather than a linear series of amino
acids., A “light chain paratope” and a “heavy chailn paratcpe”

16

te antibody binding to a predetermined

v affinity than for other

proteins. Tyeically, ti

tibody binds to a predst
antigen with a di of 1x10™" ™ or less,

for example 1x10

F__.
)
o
-

.
X
rZ
O
=

20 Kp that is at least ten fold less

a non-specific antigen {e.g., BSA or any other
specified polypeptide). The dissociation constant can be
measured using standard procedures. Antibodies that
specifically kbind te 8 predetermined antigen may, however,

Ny
o

B v ¥ oy em g v
rascircuLaris

(&%)
o

3
Y

t
O
8]
I
I
o
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@
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that binds one antigen or on

AN

in combir

The term

described agents can be administered to an animal

r
o
)
e
ot
=
)

together in a mixture, concurrently as single agents or
5 sequentially as single agents in any order.

Inflammatory condition” as used herein refers to acute

or chronic localized or systemic responses to harmful

stimuli, such as pathogens, damaged cells, physical injury or

irritants, that are mediated in part by the activity of

1C cytokines, chemokines, or inflammatory cells {e.g.,

neutrophils, wmonocytes, lvmphocvtes, macrophages) and is

in most instances by

ooof tissue func

.

“ST2L-mediated inflammatory condition” as used

15 an flammatory condit resulting at
vartially from inappropriate activation of ST2L signaling

pathws Ezemplary 3T2L-mediated inflammatory conditions are

<<
3))

asthma and allergies.

The term “3T{L-medisted condition” as used herein

>
fo]

encompasses all diseases and medical conditions in which ST2L

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

Ny
o

The term “ST2L biclogical activity” as used herein

iological activity

"
LA
’.J
.
S
3
<
G
o=
’.J
=
=

biclogical

, Or secreti

- R A S -1 g N
cytokin for example 1L-5, GM-

of cytokines and

14
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chemckines from cells, tissues or in circulation can be

mnea

nowWn I1mmunoassays, such &s an
immunoassay.

The term “vector” means a polynuclecotide capable of

5 being duplicated within a bioclogical system or that can be
moved

polyads
facilitate the duplicstion or maintenance of these

16 volynucleotides in a biclogical system. =zZxameles of such

biliolog:

and

systems utllizing biological

lole

a vecoth:s

pelynucleotide comprising a vector may be DNA or RNA
15 molecules or a hybrid of these.
means a vector that can be
utilized in a biclogical system or in a reconstituted
biological system to direct the translation of a polypeptide

encoded by a polynucleotide

’A
[
L
=
0]
,j
’D
“d
3'
u‘
0]
]
o+
’_J
ot
o

20 expression vector.

“polyrucleotide” means & me vle comprising s

ctides covaler

-
H

backbone or other eguivalent covalent chemistry. Double and

,..4

single-stranded DNAs and RNAs are tyo

leal examp

[\\
o
o]
C
h
<
3
(6]
ot
by
9]
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The term

twoe amine acld residues linked by a

polypepti
as “peptides”.

id codes are
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Compositions of matter

The

ST2L and inhibiting ST

antibodie:

finding that antibodie
(SEQ ID NC: 8) block I
scectrum of ST2L bilolo

duced mast o

invention vrovides

sp
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antibodies specifically binding

2L biological activity, and uses of
nventors have made a surprising
s binding to Domain I of human ST2L
L-33/572L )

o
]

ical

NSEs,

Domain L1IL of humen STZ2L (SEQ ID NO: 11) do net block IL-

33/8T2L interacticn although they ave inhibiltory in a

spectrum of STZL biclogical activities. Domal 111 binding

antibodies however have reduced or no inhibitory effect on,

or 1n some cases stimulate IL-33-induced mast cell responses.
In some embodiments described herein, the antibodies

bloeck IL-33/8T2L

Cnat

ST2L kbioclogical activities including IL-23-

responses I an er
(RCEFROGKPSYTVDW; SEQ I
acld residues T23 and
ID NC: 1).

inte

thin

210}

M 1
J

nhil

o

—-induced

human STZL Domain I,
;, and cpticnally ST2L amino
ue numbering according to SEQ
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A3

rezponse” or “mast cell

-

release of cytokines

such as prostagiandin D, from mast cells.

o

5 The invention provides novel antigen-binding sites

binding Domain I of human ST2L as described herein. The
structuore for carrying an antigen-bindi site iz typicaily

an antibody VH or VL,

The antiboedies of the invention ss described herein can

N

16 pbe isolated human or human-adapted antibody antagonist or

5

that specifically bindz Demain I (SEQ ID NO:

9)

comprising HCDRIL HCDRZ and HCDR3I seguences of SEQC ID NOs:

LCDRZ

antibody CZ2494 (STLM6Z) comprising HCDRL, HCDRZ and HCDR3Z
sagquences of SEQ ID NCs: 24, 28 and 32, respectively, and

LCDR1, LCDR2 and LCDR3 seqgquences of SEQ ID NGs: 36, 40 and

20 44, respectively {(Table 2} . Additicnal exemplary antibodies
binding Domain I of human STZ2L are antibodies shown in Table

-

o and Fi 3, for example antibodies STLM103, STLM107

LC
N
( pj

4, STLM208, STLM209, STLM210,

STLM10&, ST
STLM211, ST

Exemplary human antibody

12 and Figure 13.

Ny
o

antagoni

(93}

humarn-—eé shown i ble 14.

=

In some embodiments described herein, the isoliated

antibody antagonist or

human or human-—a

thereof that specificalily binds Domain I {3EQ 1D NO: 9) of

human S$TZ2L blocks IL-33/8T2L interaction.

(O8]
-]

Antiloodies can be tested for theilr ability to block IL-
~ 7 N N T 5 o . . . -
33/8T2L interaction by standard ELISA. For sxample, plates

wre coated with extracellulsr domain

with an antibody,

=
(]
=
o
3
Q
[
-
]
Q
—
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[
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bilotinviated 33 onto the plates is measured. Antibodies

L-33/8T2L in “inhibit IL-33/87T2L

~ibodi

Antibodies can be tested

16

e GM-CSF, 10 orx
erived mast cell Or primar
st lard methods methods exemp infra

“inhiblit mest cell

Antibodies as descri
15 response” or “inhibit mast cell activity” are antibodies that

reduce 1-3 ng/m

[aNaNs) O 7y Q. 5 2 000 7 C. v Q > s} N o -
80%, 85%, 90%, 9bk%, 96%, 97%, 928%, 99% or 10C% at a

oy 4 el S P S 3 N - T e '
concentration of 10 ug/ml when compared to mast cells not

of % inhibition for an antibody and therefore culture and

o
ot

tenPFro-34 media

with 10 ng/ml
and 100 ng/ml SCF. For the cytokine

cells can be resuspended in fresh

e N o " N e T A e 3 .
for assays are 65,000 to 75,000 cells/0.16 mis/well

Exemplary antibodies of the inventicn as described herein

18
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w

_f
,J
;u

die

re

N

inhibiting mast cell responses 15, sTLMeZ

and STLM208. Anti

body CNT0O3914 binds mouse ST Domain I
without cross—reactivity to human S$T2L and inhibits mast cell
responses in mouse cellis.

fhose skilled in the art will apprecliate that mast

esponses also include release of IL-1 and I

r
chemokines such as CCLL, CCL4, CCLS, CCL18 and CCL23 as well
1

as allergic mediators such as cysteinyl leukotrienss,
histamine, as well as a variety of mast cell proteases
including tryotase, chymase, carpboxyvpeptidase, and cathepsin

descrived he

additional

) G 5S pagel 7% 302 o - T .
0%, 95%, 96%, 97%, 98%, 99% or more whe

conditions.

The antibodies of the invention as described
herein bind human STZL with a dissociation constant (Kp)

between aboul 5x10 " M to about 7x10

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

o)
o3
)
jon
b
[
[e]
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e
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O
8
[$3]
ot
]
Ft
h
=
3}
ot
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For example, the antibodies of the invention as
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O
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e Tt A0 T el . - -10 T e T
about 7x1C M, less than about 1x10 M, less than
about 5x107° M, less than akbout izl
about 5x107°° M.

The antibodies of the invention as described

) -~ L T , =t — rv. Y AL = oy s - W J"“V"’
herein may cross-react with Macaca fasciculari

PCT/US2013/038637



Ny
o

(&9}
o

WO 2013/165894 PCT/US2013/038637

STZ2L. {SEQ TID NO: 2} and bind to cyno STZL with a

between about 3x10™ M to

) AR Y - o A e (T . TOT
<1 { M, an on rate constant (K;n} to cyno STZL

\

08 plgtls

B R PR .
between about 4x10° M s to about 1xi0° M or an off

) ~S -

rate constant (Kgse) To cyno ST2L between about Tx10 "s -

831

to about 1x107's™. For example, the antibodies of the

invention as described herein bind cynce ST2L with a Kp

of less than about 2x107° M, less than about 1x107° M,
less than about 1x107° M, less than about 110" M or
less than about 2x107° M,

The affinity of an antibody to ST2L can be
determined experimentally using anyv suitable method.
Such methods may utilize ProteOn XPR36, Biacore 3000 or
KinExA instrumentation, ELISA or competitive binding
assgays known to thosge skilled in the art. The measured
affinity of a particular antibody/S$T2L interaction can
vary 1f measured under different conditions (e.qg.,
csmolarity, pH). Thus, measurements of affinity and
other binding parameters {e.g., Ky, Koy, Xore) are

preferably made with standardized conditions and

)]

standardized buffer, such as the buffer described

-

herein. Skilled in the art will appreciate that the

deviaticon, SD)} can typically be within

Therefore the term “about” reflects the typical
Y b

standard deviation in the assay.

typical SD for a Kp of 1x10°7 M is up

o

The antibodies binding human S8T2L with a desired

affinity and opticnally cross-reacting with cyno $STZ2L
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by further antibody

ity maturation. Antibodies

I lsiloh

can be identified bhased on their inhibition of ST2L

831

biclogical activity e method. Such

methods may utilize reporter-gene assays or assays

measuring cytokine production using well known me
and as described in the application.
One enbodiment of the invention is an iso
10 antibody antacgonist specifically binding human ST2L
comprising:

a heavy chain complementarity determining region

{HCDR} 1 (HCDR1}eof SEQ ID NO: 160 (X XX:MX4):

whereln

S e o R
Xz 18 &, ¥ or

et
(o)}
Y

a HCDR 2 ({(HCDRZ} of 3ECQ ID NOC:
20 (X IXeGHGGXATHYADSVKGY ; wherein

X5

H
£
2

L
!

<
~3

~
~,
o
2
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<

He 1
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I
ey
e
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X+ is 5, E or N;
Xg 18 S, R, E, G, T, D or A; and
Z5 ¥ 1s Y, D, N, A cr 8:; and
a HCDR 3 {HCDR3Z} of SEQ ID NO: 162
(XX WSTEGSFEVLDY) ; wherein
X is D, A, R, N, Q, P, B, I, H, 5, T or
Y; and
30 ¥, iz P, A, H, ¥, B, O, L, &, N, T, V,
or I,
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Another embodiment of the invention is an isclated
antibody antagonist specifically binding human ST2L
cormprising:

a light chain complementarity determining region

831

(LCDR) 1 (LCDRL) of SEQ ID NO: 163 (RASQOSVDDX ,LA} ;
wherein
.

X2 ls A or D;

a LCDR 2 (LCDRZ} of SEQ ID NO:

e
<

{DASNRATY); and
10 a LCDR 3 {(LCDRZ) of SEQ

-
)
=z
@
[
N
Hes

{QO¥ 12X 4% 15X eX19%X:5T) ; wherein

¢

X3 1s F or Y

5
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~
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o
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18 Xig 13 W or A;
X7 1s P or deleted; and
Xig 1s L or I.
The antibodies of the invention comprising the

HCDR1, HCDRZ, HCDR3I, LCDR1, LCDRZ and LCDR3 sequences

20 of SEQ ID NGCs: 160, 161, 162, 163, 920 and 164,

¢ ))

respectively, can be made by well known mutagenesis

methods using for HCDRZ, HCDR3, LCDRI1,

LCDR2 and LCDRG of 3EQ ID NOs: 78, 81, 34,

(@8]
N
[
ko]
3
[
]
O
0]
193}

r iy =y v v N - P Y P .
87, 90 and 92, respectively as a

The heavy

Z25 chain CDRs and the 1igi SEQ ID NOs: 160,
161, 162, 183, 20 and 1 can ke grafted
to human frameworks, such as frameworks described
infra. The antibodies can be assayed to
ST2L and for their ability to block IL-

a0 interaction and for other characteristics such as

N
NS



WO 2013/165894

affinity to human 5T2L
c¢f mast cell responses

in one embodiment,

specifically binding h

5 compriseas:
the HCDR1 of SEQ
the HCDRZ cof SEQ
the HCDR3 of SEQ
the LCDR1 of SEQ
10 the LCDRZ cr SEQ
the LCDRE of SEQ

In another embodir

antagonist specifically

HCDR1, HCDRZ, HCDR3, L

14

as shown in Figure 10

!

described herein.

'ﬁ{'}"‘

Iin

antagonist specificall
herein comprises:
20 of SEQ

the HCDRZ of SEQ
the HCDR3 of SEQ

',—‘l—
0]
-

2

{
7

g

of SE

2
W]
5
Y

N

or

[
&

i

o

@

of

[

Ny

Iin
cificallx
HCDR1,

LCDR3 seguences:
30 SEQ ID NOs: 23,
ey f-.A.—«'—T, TRz
regspeltlivelyy

her embodiment,

nother embodiment,

27
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and/or cyno 3T2L, and inhibiti

using methods deszscribed herein.
an isclated antibody antagonist

uman ST2L described herein

as

ID NOs: 78 oxr 25-108;

ID NOs: 81, 108-118 or 120-129;
ID NOs: 84 or 165-185;

ID NOs: 87 or 130;

ID NG: 90; and

ID NCs: 92 or 131-134.

nent, an Isolated antibody

y tinding human ST25L comprises

CDR1I, LCDRZ and LCDR3 seguences
Figure 11, and Figure 12 and as

v binding human STZL as described
ID NOs: 23 or 24;

ID NOs: 27 or 28;

D NOs: 31 or 32:

ID NOs: 35 or 36;

ID NOs: 39 or 40; and

ID NOs: 43 or 44,

an isolated antibody
v binding human $8T2L as described

iCBRZ, HCDR3, LCDR1, LCDRZ

and

Sy

7, 31
[ 4

35, 39 and 4.

N
(&%
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Another embodiment of the invention is an iscol

ad
human or human-adapted antibody antagonist or fragment
thereof specifically binding human STZL as described

10 herein, (SEQ ID NO: 1} comprising a heavy chain

variabhle region (VH) comprising a VH framework derived

5

from human IGHV3-23 (SEQ ID NO: 158},

S

T
ID NQO: 148} cr IGHVI-£*01 (SEQ ID NO: 149} framework
sequences, and a light chain variable region (VL)
15 comprising a VL framework derived from a human IGEVI-11
{Ley {(SEQ ID NO: 1598}, IGRV3-15*01 ({(L2) (SEQ ID NO:

156y, IGHEVI-2x01 (L3} {SEQ ID NC: 151}, IGKEVI-5*01

153y, IGREVI-39*0 {(O01Z) (3SEQ ID NO: 154), IGKViI-27*01
20 (AZ0) {(SEQ ID NO: 155)cor IGKVI-33*0L (018} (SEQ ID NWO:

156} framework sequences.
In another embodiment, the isolated antiboay
specifically pinding Domain I of human STZL as

vt Iy 3 O e S e Y 251 JEN S rer oa T
described herein comprises a VH comprising a VH

rom human VH

w
[
I
18]
=3
6}
o
]
=
o
{
ot
}_1
Pl
4
o)
O
h

sequences (SEQ ID NO: 158); and a light chain variable
region (VL) comprising a VL framework derived from a
human Vx L& framework seguences {(SEQ ID NO: 159).

Human framework seguences are well known, and typlcally

30 include hu immunoglobulin germiine variable region

sequences Joined to the Joining {(J) sequences. The
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human VH 3-23 framework amine acid seguence shown in

SEQ ID NO: 158 includeszs human germline VH 3-23 zseguence

Joined to IGHJI4 and the human Vk L6 framework amino

acid sequence shown in SEQ ID NC: 1582 includes human Vi

0

5 L& germline sequence joined to IGKJ1l as described in

Shi et al., J Mcl Biogl 397:385-9¢, 2010; Int. Fat.

Publ. No. W02008/085462;: and U.S. Pat. Publ. No.

)]
o
Sy
o
Ly

Us2010/0021477. Exemplary antibodies having
sequence derived from human VH 3-23 and a VL seguence

1¢ derived from human V¥ L6 are those shown in

A

Human o¢r human-adapted antibodies comprising heavy
oy light chain variable regionsg “derived from” a
particular framework or germline sequence refer Lo

1%  antibodies cobtained from a system that uses human
germline immunoglobulin genes, such as from transgenic

ge display libraries as discussed

a
infra. An antibody that is “derived fromn”

o

particular

framework or germline seguence amino acid

=y

fal
(O

was cderived

(

20 differences as compared to the

naturally-occurring somatic
mutations or intentional substitutions.
In ancther embodiment, the isclated human or human-

adapted antibody antagonist or fragment therecf that

N>
831

ly binds Domain I (3EQ ID NC: 9) of human ST2L as

described herein compe

¥
3

ST2L {SEQ ID

for binding te hum

NQO: 1) with an isclated antibody comprising a heavy chain

variable vegilon {(VH) of SEQ ID NO: 47 and a

i
N
O
i
-
)
iy
o
O]
s
3

variable region (VL) of SEQ ID NO:

embodiment, the 1ac

nvention as cibed herein binds humen ST2L at amino acid

N
@3]



WO 2013/165894 PCT/US2013/038637

QGKESYTVRW,: SEQ LI NO:

rein may further bkind

and #9894 of SEQ ID NO:

5 Competition betwsac ific binding to human STZ2L with

o Letween spell

antibodies of the invention as described herein comprising

and LCDRIL, LCDR3

sequences tro using well known methods.

16 binding o

human ST2L

antibody can be asseszsed by ELISA,

analyses or

ition with

flow cytometry may be used fo demonstrate conp

ne antibodiss of the current invention.

15 test antibody to ilnhibit the binding of C2Z44 to human 3720

the test antibody can compete with these

binding to human STZL.

exenplary

C2494, STLMZ208 and STL

—

3
o]
—
-

{
=
=
o
[

o}
o
,._r

ting) epitope 1s also present on ST2L Domain I, as

25 a second antibody competition group {repr

ssented by antibody

oinding

‘2L domailns or epltopes can be made by ilmmunizing

30 mice expressing human immunoglobulin loci (Lonberg et al.,
Nature 368:8 1284; Fishwild et al., Nature Biotechnology

3

N
(&)
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ezamele a peptide hav

o
Or

KESKOSWGLENBALIVRIPR

fa

ADSGIYTCIVRSPTENRTGYA

PCT/US2013/038637

an amino of Domain I

n

irng

eguence

GRPSYTVDWYYS SLPTODRNRVEASGOQLLEKEFLPAAV

SN UV falm]

NVTIYRE VEDYLMY S C ID NO:

QSDCN Vo(SEQ h 9
5 or a peptide having an amino acid seguence of RCPRQGKESYTVDW
{(SEQ ID NO: 210}, and using the hybridoma method of Xohler et
al., Nature 256:495-97, 1975 The resulting antibodies are
tested for thelr binding to the epitope using standard
methods. For ezxample, when the structures of both individual
16 components are known, in silico proteiln-protein deocking can
be carried out to compatible sites of interactilion.
Hydrogen-deuterium (H/D) exchange can be carrvied out with tr
antigen antibedy complex to map 2 on an
that way be bound by the antibody. Segment and point
15 the antigen can be used to locate acids
antibody binding. The identified mAbs can
i fied by incorporating altered framework
support residues to preserve binding affinity by techniques
such a3 those disclosed in Queen =t al., Proc Natl Acad Sci
20 {(USA) 86:10029-32, 1989 and Hodgson et al., Bio/Technology
90421, 1991,
The antibodies of the invention as described
herein may be human or human-adapted. The antibodies
¢f the invention as described herein may be of IgA,
25 IgD, Igk, I1IgG or IgM type.
Antibodie
sequences are
Figure 10,
3, Tebie 9 and Table 12 are encompassed within the scope of
20 the inventicn. Typically, this invelwves one or more amino
acid substitutions with acid having similar charge
or hydrophebic or sterecochemical characteristics, and are
made to improve antibody properties, for example or

—
i
i

2
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Lol =S

aftfinity. For example, & conservative sub

involve a substitution of a ne
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nonnati T
the polarity or charge of the amino acid residue at that
oosition. Furthermore, any native residue in the polveeptide
may also be substituted with alanine, as has been previously
anine scanning mutagenesis {(MacLennan et al,,

1998; Sasaki et al., Adv

{(whether conservative or non-conservative) can be determined

@)
=
»]

5]

2, amino acid substitutions can be

important for the function of

or residues

u

residues affecting

antibodie

&

, osuch as

undesire

Ezemplary amino acid substitutions are shown in Figure 12 and

Substituticns in the framework reglons, in
contrast to antigen binding sites may also be made as

long as they do not adversely affect the properties of

the antibody. Framework substitutions can be made for

examnple at the Vernier Zone residues (US.
6,649,055 to ilmprove antibody affinity or stability.
Substitutions can alsc be made at those framewor

positions in the antibody that differ in seguence when

compared to omologous human germline gene

T e A ; The o
sSequences T Y itnegse

modifications can be deone for example to antibodies

derived from de nove antibody libraries, such as piX

SO encompass

Conservative amino acid substituticons

amino acid residues which ax

o)

1ly ccourrin

typically Lncorpors chemilcal peptide svnthesis rather
f Y 1 et Y

PCT/US2013/038637
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[N

thanr by svnthesis in biclogical systems. Amino acid

substitutions can be done for example by PCR m

Pat., No. 4,683,195). Libraries of varilants can be generated

—t

using well known methods, for example using random {(NNK) or
5 non-random codons, for ezxample DVK codons, which encode 11

screening the libraries or

comprise palrs

14
C
ey
J
[
l‘
ﬁ
o
4
[
I
Vo]
l‘
Ey

A . S 1y ma by sy ot ey o e PR
1C antibody chains, or pairs of

orne

from a heavy chain and cone frowm a

artisan will recognize that alternative

heavy chain

regions or single light

regions, full length antibody chains,

~

15 or CDR1, CDR2 and CL

D
s
o
]
=
)
0l
Y
P
~
~4
i
e

ight. 7The single variable region, fulil
iength antibody chain or CDRL, CDRZ and CDR3 region of cne
chazin can be used to screen for corresponding domains in
another chain, the two chains capable of forming an antibody

20 that specifically bkinds 3T2L. The screening may be
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Publ. No., WQL892/0

colony containing either a H or L chain cleone is used to

Ny
o

nfect a complete library of clones

.

(I, or H), and the sulting two-chairn

Dinding domain is selected in accor

chnig

herein and

tibodies of the invention as

ariable regions for certai

'._(
R
i
i
¢

described herein are shown in Figure 13 and Table 12,
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One embodiment of the invention is an isclate

d human or
human-adapted that

iy binds Domail

specifica

o~
sl
v
LI
O
—
t
—
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o
WO
—
O
h
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—

comprising the VH at least 90% identical to the VH of SEQ 1D
5 NC: 191.

Ancother embodiment of the invention is an isolated
human or human-adapted antibody antagonist or fragment
thereof that swpecifically bpinds Domain I {(SEQ ID NO: 9} of
human STZL comprising the VL at least $4% identical to the VL

1C of SEQ ID NO: 209,

In embodiments desc the invention

provides for an antibody compris SEQ ID NOs:
143, 144, 145, 186, 187, 188, 1 192, 193, 194,
195, 196, 197, 198, 199, 200, 201, 202, 203, 204 or 205.

15 In some embodime invention
rrovides for an antibody comprising the VL of SEQ ID NO
i3%, 13e, 137, 138, 139, 140, 141, 142, 206, 207, 208 coxr 208.

In some embodiments described herein, the invention

provides for an antibody

Y

comprising
20 the VH of SEQ ID NOs: 186, 187, 197, 198, 185, 200,

201, 202, 203, 204 or 205 and the VL of SEQ ID NO: 206

the VH of SEQ ID NOs: 183, 189 cr 190 and the VL

Ny
o

of SEQ ID NO: 208; or

the VH of SEQ ID N

and the VL of SEQ ID NO: 208.
Another embodiment of the invention an isclated human

or human-adapted antibody antago

(9]
o

therecof i

v binds Domain I (SEQC ID NC: 9
of human ST2L comprising:

the HCDR!
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interface interactions that have impaci upon the HC and
LC wairing, {3} burial of polar and charged residues,

{4) H-bonding network for

and {5} surface charge and polar residue distribution
among other intra- and inter-molecular forces (Worn et

al., J Mol Biol 305:9892-1010, 2001y, Potential

abilizing residues may be ldentified

bazed upon the crystal structure of the antibody or by

modeling in certain cases, and the effect 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

LR - - R FUR, T e 3 e - ey e - e [N |
increase antibody stability 1s to raise the thermal

scanning calorimetry (DSC). In general, the protein Tm
is correlated with its stability and inversely

ated with its susceptibility to unfolding and
denaturation in soluticon and the degradation processes

that depend con the tendency of the protein to unfeold

{(Remmele et al., Biopharm 13 46, 2000). A number of

studies have found correlation between the ranking of

’..I
@]

3
t

f

the physical stability of formulations measured as

Thermal stability by DSC and physical stability

-

measured by other

thods {(Gupta et al., AAPS PharmSci
588, 2C803; Zhang et al., J Pharm Sci 93:3076-89%, 2004;
Maa et al., Int J Pharm 140:155-£8, 1994; Bedu—-Addo et

al., FPharm Res 21:1353-061, 2004;

/Kl

Remmele et al., Pharm
15:200-8, 1927). Formulation studies suggest that

z Fab Tm has ilmplication for long-term phvsical

stability of a corresponding mAb. Differences in amino

.

acids in either framework or within the CDRs cculd have

3
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sization domalins (Iint. Pat. Publ. No. W0O2012/022811, U.S.
Pat. . Pat., No. US6833441).
Arncther aspect of the invention 1s an isclated
polynucleotide encoding any of the antibody heavy chain
5 variable regicns or the antibody light chain variable regions
or fragments thereof of the invention cor their complement.
Certain exemplary pclynucieotides are disclosed herein,
however, other polynucleotides which, glven the degensracy of
the genetic code or codon preferences in a
16 system, encede the antibody antagonists of the invention are
scope of the inventicn. Exemplary
of 162 shown in SEQ ID
NOs: 211, 212, 213 and 214.
Another embodiment of the invention 1s a vector
15 omprising the polynucleotide of the . Such
vectors may be plasmid vectors, viral vectors, vectors
for baculovirus expression, transposon bhased vectors ox
any other vector suitable for introduction of the
polyvrnucleotides of the invention into a given organism
20 or genetic background by anyv means.
embodiment of the invention 1s a host cell
comprising the polynuclectide of the invention. Such
host cells may be eukaryotic cells, bacterial cells,
plant cells or archeal cells. Exemplary eukaryotic
25 cells may be of mammalian, insect, avian or other
animal crigins. fammalian eukaryotic
mmortalized cell lines such as hyerid
cell lines such as SP2/0 {American Ty
Collection {(ATCCY, Manassas, VA, CRL-1531}, NS
ae {(Furcpean Ccollection of Cell Cultures {(BCALC),
Salisbury, Wiltshire, UK, ECACC No. 85110503}, FO (ATCC
CRL~1646) and AgeS3 (ATCC CRL-1580) murine cell lines.
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co-~receptor, that would not be blocked by

anti

and cff-target effects such as

recruitment of ancther co-receptor, resulting in increased

signaling, 1s possible.

5 In the methods of the invention, any antibody
ntagonist specifically binding Domain I of human ST2L,
antibody antagenist blocking IL-33/5T2L interaction and

L, antibodies that competes for

binding Domain I of human ST
I

D NO: 1} with an isolated

[

16 antibody compris heavy chain variable

region of
amir

SEQ LD NO: 210} may

characteristics of such antibodies include

bod ¢ block 3I3/872L interaction and to

The methods of the invention may be used to treat an

animal belonging to any classification. Examples of
such animals include mammals such as humans, rodents, dogs,

Il

cats and farm animsls.
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er-reactivity, sarcoidosis,

chronic culmonrary disease (COPD), idicpathic

vulmeonary fibrosis (LPE), cystic fibrosis, inflammatory Dowel

ease (IBD}, rheumatold arthritis, ecsinophilic

{08
]
.
.
0

esophagitis, scleroderma, atopic dermatitis, allergic

diabetic

+
'..l
('\
o
s
’_.A
V)
~

roinitis, bullous pemphigoid, chronic urt
nephropathy, interstitial cystitis or Graft Versus Host

Disease (GVHD). The antibodies of the invention are useful
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in the orophviaxiszs and treatment of immune diseases medilated

-

in part by mast cells, such as asthna, ecrema, itch,

5 vemphigeid and multiple sclerosis.

The antibodies of the invention and are alsco useful in

ration of a medicament for such treatment, wherein

the medicament is prepared for administrastion in dosages

16 Mast cells nlay a

and asthma through thelrx

(reviewed by Amln, Resplir Med 106:¢

o

sed on mast cells an

ctivation

sion of wany oroinflammatory cytokines and other

P

nibiticon of ST2L acti

rity is proposed to

including allergen, cold air, pathogen; damage To the

result in release of IL-33
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(reviewed by Zhao and Hu, Cell & Molec Immuno

i__:
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5 immune cells such as neutrophils, ecsinophils snd T
iymphoayt the gite {(Henderson ef al., JEM 184:1483-94,

199¢; Wnhite et al., JACL 86:599-605, 1990). Additionally,

immune responses by inducing adhesi

veregulation on endothelial cells to increase immune cel
trafficking {(Merng et al., J Cell Physiocl 165:40-53, 1285).

Mast celils

fond

Lay an important role in alirway remode

asthmatics, an increa
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1

Ny

C

O

o

-]

WO 2013/165894 PCT/US2013/038637

R s R N TN TN ] 4 Fear o~ ] . .- i i
mediators to promote ASM proliferation {reviewed by Okayama
~

et al., Curr Oein Immuncl 19:687-83, 20807;.

Inflammatory pulmonary condition iz an example of an

inflammatory condition. Exemplary inflammatory pulmonary

netlic predizposi

cystlce fibresis, and physi cauma~induced pulmonary

condlitions, such as ventil

injury. These inflammatory

also include asthma, emphvsema, bronchitis,
chronic obhstructive pulmonary disease (COPD), sarcoidosis,
lomyomatoslis, acute lung injury, acute

[

ia, community-acguired pneumonia,

nosocomial pneumonia, ventilator -assocliated pneumonia,

sepsis, viral pneumcnia, influenza infection, parainfluenza

infection, rotavirus infection, human metapneumoviros

infection, respiratory syncitial us infection and
Aspergillus or other fungal infe 5. Exemplary infection-

assocliated Inflammatory diseases may include viral or

pacterial vneumonisa, including

fibrosis,

alrway e

resplratory syndr

assocliated conditlons involve multiple

a primary viral infection and seccndary bacterial

93]

infection. Dysregulated signaling may play 2 role in
the pathol

Chronic QObs
Alcorn et al,, Annu Hev Physicl 72:495-51¢, 2010). Commonly

used animal models for asthma and airway inflammation include

40



WO 2013/165894 PCT/US2013/038637

ibiticn of

cytokine and chemokine production from cultured human

5 bronchial epithelisl cells, bronchial fibroblasts or airway
smooth muscle cells can also be used as 1in vitro models. The

administration of antagonists of the present invention to any
aluate the use of those
and alter the course of

16 and the like.

Qv

rresp

charact

bronchoconst

mion, mucus

15 and rated Igk levels. Patients with asthma experience

W

exacerbations”, a worsening of symptoms, most commonl
to microbial infections of the respiratory tract (e.g.

-

rhinovirus, influenza virus, Haemophilus influenza, etc.).
Asthmatic attacks can be triggered by environmental factors

. e
O {e.g. ascarids,

mics, rats, hamst

peliutants {e.

~
4

¥e)

vapors, ssrosols, chemica

Apart from asthma, several chronic ammatory diseases

Ny
o

eutrophil

he ailrwayvs, for example chronic cbstructive

pulmon

fibrosis

et al.., Eur

t a Lin Immunocl 115:268-7

D

w
-]
Py
A
-3
()

PR, allergic rhinitis, and cystic

r
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esponsiveness (Fahy and
O’ Byrne, Am J Respir Crit Care Med 163:822-2, 2001},

SALYWAY
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QL

ommonliy used animal models for asthma

lammation include the model of methachcline
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after ovalbumin sensitization and challenge (Hessel =t al.,
Eur J Pharmacol 2923:401-12, Inhibition of cvtokine
and chemokine production from cultured human bronchial
epithelisl cells, bronchial fibroblasts or airway smooth

5 muscle cells can also be used as In vitro models. The
administration of antibody antagenists of the present
invention to any cof these models can be used to evaluate Lthe
use of those antagonilsts to ameliorate symptoms and alter the
course of asthma, airway inflammation, COPD and the like.

10 IL-332 sigrnaling through the ST2L receptor on TH2Z
cells, basophil mast cells, ar the newly described
Innate Lymphoid Type Z Cells results in and IL-13
{tyvpe 2 cytokine) secretion (ILCs reviewed by 3Spits et
al., Nature Reviews Immunclogy 13:145-149, 2013},

15  Beneficilal effects of therapeutics targeting IL-5 or
IL-13 in asthma confirm the relevance of these
pathways. IL-5 activates eosinophils, and treatment of
a subgroup of severe asthmatics with sputum
2osinophi a monoclonal antibody that

20 neutralizes 1L-5 resulted in fewer exacerbations (Nair
et al. N Engl J Med. Z009; 360{(10}):985-93). IL-13 is
reported to contribute to IgE synthesis, mucus
ecretion and fibrosis. Treatment of severe asthmatics
Jith an anti-IL-13 monoclonal antibody resulted in an

25 improvement in lung function, with a subgroup
demonstrating a greater improvement {(Corren et al., N.
Engl. J. Med., 365:1088-1098, 2011y, Other mediators
of differential immunoclogical pathways are also
involved in asthma pathogenesis, and blcocking these

30 mediators, in addition to 8ST2L, may offer additional

therapeutic benefit Th

2

£
L

a

type cytokines,

1Ways

pies that target m
s upstream of type 2

N
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could be bhenefici: in severe

domains of the ST2L antibodies

of the invention may ke incorporated into bispecific

5 antibodies and molecules described herein, in which the
pilspecific antibody specifically binds Domain I of ST2L

10 release via distinct signallng complexes: [L-25 {1L-17%)
memoery of the IL-17 familv and signals through IL-17RA/IL-

L7RE, and TSLP is a member of the

-

L—=7 familvy and signals

{reviewed D

through the

al,, Immuncl 132:475-481, 20il)y. Aninmals defi

15 ST2L, [L~17RRB, TSLP, or TELPR demcnstrate 1

Lon An at least one of many different types

from

ium to various allergens or pathogens could igger
releasse of IL-33, IL-25, and TSLP concomitantly. Hammad et
al. reported that administration of house dust

to mice resulted in the release of IL-25, TELP and IL-33 {as

well as IL-5 and IL-13 downstream of IL-33) into the airway

[\\
(O3}
i
o
E
=
o
o
o
s
&
k-
~

Nat Med 15:210-216, 2009). This suggests

coking ST2L and TSLP and/or IL~25 may have beneficial

particularly in severe alrway diseasse

In another

inventi

.

antagonists specifically binding Domailn I of human ST2L can

(&%)
o

molecules

inS
{2
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It ancother embodiment of the invention, the antibody

agonists

Dilzpecific antibody, wher
IL-25, TSLPR, IL-17RA or IL-17RB.

TSLP, 1L-25, TSLPR, IL-17RA and

binding
antibodies can be generated using methods described herein,

such as immonizing mice exp ing human immunoglobulin loci

{Lonberg et al., Nature 368:856-9, 193%4; Fishwild et al.,
Nature Biotechnoleogy 14:845-51, 19%6; Mendez et al,, Nature

Genetics 15:146~56, 1957, US. Pat. Nos. 5,770,428, 7,041,870,

the corresponding orot

ahc

=]

ilar domains

descri

to TILE,
17RB can be used to generate
Ezemplary 1L-25 antibodles that can be used are those
described in for example int. Pat. Publ. No. WOZ01i/123507.
Arthritis, including costecarthritis, rheumatoid
arthritis, arthritic Jjoints as a result of injury, and the
like, are common inflammatory conditions, which would benefit
from the therapseutic use of anti-inflsmmstory proteins, such

N

the present invention. Activation of

as the antagonists

STZ2L signaling may verpetuate inflammstion snd further tissue

’.._/
£
h
K

damage in the inflamed joint. Several

rheumatold arthritis are known. For

chronic

"1tils that closely resewmbles human

:loped

1is model

was dependent on by mast cells (Xu et al.,
DN A NE s TGN n S00RY T T 5 T 1 Y - o 1 3
PNAS 105:10913-8, 2008). In this model, There was reduced
infiltration of monconuclear and polvmorphonuclear cellis and

of synovial hyperplasia in the Joints of STZKO mice.

draining LNs of STZKO mice cultured

44
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showed significantly decrease 7, IFNy, and TNFw

jaN
-
-
pen
~

producticn, STZL-deficient mice adopti
wild-type (W1} bone marrow-derived mast

CIA was induced, developed more severe

N
e
=z
=
=
2
N
D
.

ST o T 1T com e AT e
rafted with ST2K Therefore

15

ttlcal to the development of arthritis in a mouse
model that resembles human rheumatold art
Administration of the ST2L antibodies of the present
invention, which inhibit mast cell responses, to the CIA
be used to evaluate the use of these
antagonists to ameliocrate symptoms and alter the course of
disease.

Exemplary gastrolntestinal inflammatory conditicns

it A

are inflammatory bowel disease (IBD), ul

15 colitis {(UC) and Crohn disease (CD), colitis induced

by environment:
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ot
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inflammation (e.g., c¢olitis} caused by or asgsoci
with {e.g., as a side effect) a therapsutic regimen,
such as administration of chemotherapy, radiation

20 therapy, and the like), infections colitis, ischemic

colitis, collagenous or lymphocytic colitis,

necrotizing enterocolitis, colitis in conditicns such

as chronic granulomatous disease or celiac disease,

food allergles, gastritis, infectious gastritis or

No
o

enterocolitis {(e.qg., Helicobacter pyliori-infected
chronic active gastritis) and other forms of
gastrointestinal inflammation caused by an infectious

nt. Several animal models for gastrointestinal

age

inflammatory conditions exist. Some of the most widely
30 used m is are the 2,4,6-trinitrobenesulilfonic

ode
acid/ethanol (TNBS)~induced ceolitis model or the
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v
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chronic inflammation
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ulceration in the colon (Neurath et al., Intern Rev
Immuncl 192:51-52, 2C600) Anocther model uses dextran
sulfate sodium {(DSS), which induces an acute colitis
manifested by bloody diarrhes, shortening
5 ¢f the ccion and rucosal ulceration with neutrophil
infiltration. Another model invelives the adoptive
transfer of naive CD45SRB™" CD4 T cells to RAG or SCID
mice. In this mode doner nalive T cells attack the
recipient gut causing chronic bowel inflammation and
10 symptomns similar to human inflammatory bowel diseases
{Read and Powrile, Curr Protoc Immuncl Chapter 15 unit
15.13, 2001). The administration of antagonists of the
present Iinvention 1n any of these models can be used to
evaluate the potential efficacy of those antagonists to
15 ameliocrate symptoms and alter the course of diseases
assocliat such as
inflammn
Ren
such as graft ischemia/reperfusion (Frees
20 Dial Transplant 16:2401-6, 2001) or chreon
diabetes (Ritz et al., Nephrol Dial Trans
44, 1996y, The vathogenesis is typically
initial inflammatory response followed by
fibrogenesis of the glomerular filtration

N>

831

tubular interstitium

rosis has
role in the pathogenesis of ren
failure and the proximal tubule
central iator (Phillips and

17:247-52,

t4

[y}
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pro-inflammatory cytokines that stimulate the proximal tubule

inflampmatory and fibr

2]
’D

T

1
gradient gquiding the infiltration of monccvt;s/mEQ.JUHafﬂ and
I’-cells into the tubulointerst

infiltrate

Kidney Int

SN

vinelr eXemp lar Y

conditions

to alochol-induced

fibrosis (including but not

cirrhosis, viral-induced cirrhosis, autcimmune-induced

g fibrosils (including but not limited to

scleroderma, idicpathic pulmonary fibrosis); kidney fibrosis

=

N

(including but not limited to scleroderma, diabetic
nephritis, glomerular nephritis, lupus nephritis); dermal
fibrosi (including but not limited to scleroderma,

hypertrophic and keloid scarring, burns); myslofibrosis

neurcfibromatosisg; filibroma;

adhesion

ol e e
fiorosis,

fibrosis, skin fibroszls, eye filbrosis or bDhons Warrow

fibrosis. ted with

idiopathic wnary fibrosi irug induced pulmonary

fibrosis, asthma, sarcoldosis or chronic chstructive

)
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vulmeonary disease.
cirrhosis, schistomasomiasis or cholangitis., The cirrhosis
can be selected from alcoholic cirrhosis, post-hepatitis C

cirrhosis, primary biliarv cirrhosis. The cholangitis can

i
|
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hyperresponsiveness and cell, virus, or prion-mediated
infections or discrders.
One embodiment of the invention is method of

«11

treating or preventing a S8TZ2L-mediated condition

5 comprising administering a therapeuticalliy effective
amount o©f an isclated human or human-adapted antibody
antagonist that specifically binds Donain I (SEQ TID NO:
9) of human ST2L, blocks IL-33/572L interaction,
competes for binding to human 3T2L (SEQ ID NC: 1} with

10 an isclated antibody comprising a heavy chain variable
region {(VH} of SEQ ID NO: 47 and a light chain variable

N

and/or binds human ST2L at

to a patient in need

treat or prevent the

LE o+

Another embodiment of the invention is a method of

cell response in a patient comprising

ot

inhikiting mas
administering a therapeutically effective amount of an
20 isvlated human or human-adapted antibody antagonist

that specifically binds Domain I (SEQ ID NC: 9) of
k

)

T

human ST2L, blocks IL-33/8T2L interaction, competes for
binding to human 8725 {(8EQ ID NC: 1y with an isolated
antibody comprising a heavy chain variable region (VH)

25 of SEQ ID NOC: 47 and a light chain variable region (VL)
of SEQ ID NO: 51 and/or binds human ST2L at amino acid
residues 35-48 of SEQ ID NO: 1 (RCPROGEPSYTVDW; SEQ ID

NO: 210} to a patient in need thereof for a time

to 1nhibit the mast cell response.
-

30 Another embodiment of the invention is a method

of inhibiting interaction of IL-33 and ST2L in a
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o

subiject, comprising adminis o the subject an
isolated human or human-adapted antibody antagonist
that specifically binds Domain I (SEQ ID NOC: 9) of
human ST2L, blocks IL-33/872L interaction, competes for

vinding to human STZL {(SEQ ID NC: 1y with an iscolated

antibody comprising a heavy chaln variable region (VH)

of SEQ ID NO: 47 and a light chain variable region (VL)
of SEQ ID NO: 51 and/or binds human ST2L at amino acid
residues 35-48 of SEQ ID NO: 1 (RCPRQGEFRSYTVDW; SEQ ID
NO: 210) in an amount sufficient to inhibit the

~y

L : e
J-“._JJ-:‘ anc STZL.

=l
=l

interaction of
In another embodiment, the STZ2L-mediated condition

ig asthma, alrway hyper-reactivity, sarcoidesis,

chronic obstr oulmonary disease (COPD)
o Y 14

oo

idiopathic pulmeonary fibrosis (IPF), cystic fibrosis,
inflammatory bowel digease, (IBD), eosinophilic
sophagiti sclercderma, atopilc dermatitis, alliergic
rhinitis, bullous pemphigoeid, chronic urticaria,
diabetic nephropathy, rheumatcoid arthritis,
interstitial cystitis or Graft Versus Host Disease
{GVHD) .
Iin another embiodiment, the S$TZ2L-mediated condition

is associated with inflammatory cell recruitment in

1 hypsrplasia, or increased mucous

In another embodiment, tThe 3TZL-mediated condition
1s associated with mast cell response.

In another embodiment, the inhibiting mast cell
response comprises inhibiting the level of GM-CSF, IL-

5, 1L-8, I1-10 or I1L-13 released by human cord blood-

50
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derived mast cel.
antibody.

In another embodiment, the antibody antagonist
adminisztered to a patient in need thereof 1is a

antibody that specifically binds Domain I

{SEQ ID NO: 8} of human ST2L, blocks IL-33/ST2L
interaction, competes for binding to human ST2L (SEQ ID
NO: 1) with an isclated antikody comprising a heavy

chain variable regilon {(VH) of SEQ ID NO: 47 and a light
chain variable region (VL) of ZEQ ID NO: 51 and/or

binds human STZL at amino acid residues 35-48 of SEQ ID
NO: 1 {RCPRQGEPSYTVDW; SEQ ID NC: 2103y, and further

binds TS8LP, IL~-25, TSLPR, IL-17RA or IL-17RB,

Administration/Pharmaceutical Compoesitions

5

The “thervapeutilcally effective amount” of

Il
(&3

anti

medulation of ST2L bioi

i

determined by standard research technigues. For example, the

~

dosage of the anti-ST2L antibody that will be effective in

an inflammatoryv condition such as asthma or
rheumatold arthritis can be determined by administering the

animal models,

In addition, In vitrco assays can opticnally be emploved
to help identify cptimal dosage ranges. Selecticn of a

particular effective dose can be determined (e.g., via

considerstion of several factors. Such factors include the

sympt

lmmune

. '\(\xr mass

known by the

e be smployed in the formul

51

PCT/US2013/038637



16

N>

831

)

(&)

WO 2013/165894

PCT/US2013/038637

route of administration, and the severity of disease, and
should be decided according to the judgment of the
vractitioner and each patient's clrcumstances. &Lffective
doses can be extrapols 1 from dose-response curves derived
from in vitro or animal model test systems.

The mode of administraticn fc
antibody of the inventiocon may be a
delivers the agsnt to the host. Pharmace
of these antibodies are particularly

adminis nt

intrapex 1), lntraven
v -5 S|
The antibody of th

pharmacsutical

=

radermal,

oUs, subcutaneocus, or intranasal.
e invention may be prepared as

containing an effective

amount ¢f the agent as an active ingredient in a
pharmaceutically acceptable carrvier. The term
"carrier"” refers teo a diluent, adiuvant, exciplent, or
vehicle with which the active compound is administered.
Such pharmaceutical vehicles can be liguids, such as
water and oils;, including those of petroleum, animal,
vegetable or synthetic origin, such as peanut oil,
sovbean oil, mineral oll, sesame oil and the like. For
exarple, 0.4% zsaline and 0.3% glycine can be used.
These sclutions are sterile and generally free of
matter. They may be sterilized by
conventiconal, well-known sterilization techniques
{e.g., Liltraticn}. The compositions may contain
pharmaceutically acceptable auxiliary substances as
reg ed to approximate physioclogical conditicons such
as pH adjusting and buffering agents, stabilizing,
thickening, lubricating and coloring agents, =ate The

concentration ¢f the antibody of the invention in such
pharmaceutical formulation can vary widely, i.e., from

{n
(NS
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n

less than about 0.5%, usuvally at or at least about 1%
to as much as 15 or 20% by welght and will be selected
crimarily based on reguired dose, fluid volumes,

viscosities, etc., according to the particular mode of

~

N

administration selected.

831

[anl

Thus charmaceutical
I s

)]

invention for intramuscular prepared

3

1 ml sterile buffered water, and between

to contair

- — - - . - 4= - — - NN aYA) . R PR N » - 4= - e -
about 1 ng to about 100 mg, e.g. aboutbt 50 ng to about

10 30 mg or more preferably, aboult 5 mg to about 25 mg, of
an anti-STZ2L antibody of the invention. Similarxly, a
pharmaceutical composition of the invention for
intravenous infusion could ke made up to contain about

-

250G tiorn, and abkout 1 mg to

s W

of sterile Ringer's soly
15 about 20 mg and preferably 5 mg to about Z5 mg of an
antagonist of the invention. Actual methods for

preparing parenterally administrable compositions are

frt

example, "Remington's Pharmaceutical Sclence™, 15bth
20 ed., Mack Publishing Ccrpany, Easton,

The

S e PR Ty 5 + M v1re oo b P p
Prior to use. LOLS Tecianigue nas oeenh Inown To oe

effective with conventional immunoglce
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reconstitution techniques can be emploved.

The present invention will now ke described with

reference to the following specific, non-limiting examples.

(&}

[

MATERIALS AND METHODS (general)

{1
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Human and Cynomolgus (Macaca Ffascicularis, oyno} receptor-
ligand binding inhibition assay (RLB assay)

e was coated with 50 ul of 4 ug/mi human
{amino acids 19-328 of SEQ ID NO: 1} or 2ug/ml cyno
(amino acids 19-321 of SEQ ID NO: 2} having C-

minal Hisy; tag in bicarbonate buffer at 4°C for 16 hrs.

r
1l subsecuent steps were verformed at room temperature.

) PN ey . . N o ey e rome en b N
buffer, and was washed

3 times with 300 ul of wash buffer containing PBS+(0.05%

Twesn, 30 ul of various dilutions ¢f anti-ST2L mAbs were
added to the wells and incubated for 1 hour. For human
vlotinylated human IL-

100 ng/ml

or-ligand binding

final concentration and incubated for 30 minutes. For ovoo

]

assay 20

o)
e}

3
<
3
O
.
i
L

H

iotinylated

SEQ ID NO: 4) was added at 200 ng/ml

snd incubated for 30 minutes.

I I AAM e v e _— s A o~
was washed 3 times with 300 1l of wash buffer. 50 ul of 0.

- o ~ : Ty ~ . T P e e = RN oy kI | )
11g/ml Streptavidin-HRP {Jackson Immunoresearch) was added and

incubated for 30 min. The plate was washed 3 times with 300
1l of wash buffer containing FBS+0,.05% Tween. 50 1l of TMB

aubastrate (ED

=
ey

icaciences) was added to each well. Reaction

-
<>
)
-
i_.:
ot
<
AN
7
[4p
o
i..
Fh
o
by
l,.
JE
[
o
o

was stoppsed by the addition of

0D450 were measured using Envision plate reader ({(Perkin
B

mousse ST2L Domain

swaps were designed and generated using
standard molecular biloleogy techniques. The constructs are

isted in Teble 1. Amino acid numbering corresponds to human

54
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Qrigin of aming acid residues for each Domain in chimeric co

nstructs

Construct Marme

Domain i

Dormain i

Domain i

HHM-ST2L

h&T21L a3,

hST2L aa. 123

mST2L 3a. 209-324

MHM-STZL

mST2L aa. 2

hST2L as.

HMH-5T2L

hSTZL aa.

mST2L aa. |

HH-STZL

hST2L 3a.19-122

hST2L a3, 1232

ASTZL: human ST2L SEQ D NO: 1

mST2L:

Domain binding determination assay.

N

Antibody bi

12

electrochemiiumines
Discovery (MED) tec

for 2 hyr at rcom te
20 ul of 5% MSD Blooki

o) 25 nulh of sulfo STZ2L-ECD or
STZL-ECD (aminc acids 28-320 of I NG: 5) or HE
(SEQ ID NO:6) or HMH-STZL (SEQ ID NO: 8) chimeras ox
25 {residues 19-205 of 3EQ 1D NO: 1} to the plat
concentrations from 5 nM to 40 nM. The plate was cove

211

to STZ2L domain I,
andard capture ELISA
cent detection forma
hneology). 10 ug/mL

mperature. The ¢
buffer

with HEPES wash buffe

and

£« 1

{n
@3]

i ey e b
e was D

mouse ST2L SEQID ND: S

assay using
t (Mesc-Scale

locked

hr at room

LL/s

11}

with 150

mouse

(‘rn? |
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se antibodies bound by

(O3}
-
o
@]
U

and HMH-STZL, but not by mouse

Domain I of human ST2L-ECD. Antibodies bound by huma

>-:

STZL-ECD and H

[-8T2%L, but not HHM-STZ2L and mouse STZL-

ECD, recognize I human STZ2L-ECD.
10 Antibodies bound by human and mouse ST2L-ECD but not
HH-8T2L recognize Domain II1 of human and mouse ST2L-

ECD.

Affinity measurements of anti-ST2L mdbs.
15 Anti-ST2L mAbs, huST2L-ECD and cynoST2L-ECD were

expressed using standard methods. Geat anti-human IgG Foy

L
]
V]
&
%
0]
Fj
!
W0
Q
Q
,.J
I
'..(
9]
I
C
~

at# 109-005-098) was obtained from
Jackson ImmuncHesearch laboratories {(West Grove, PAY. GLC
sensor chips {Bio-Rad cat# 176-5011), CM-5 sensor chips (GE
20 Healthcare cat# BR1I0001I4) and reagsnts for preparation of the
‘ace were obtained from Biscore (GE heslthoare,
Jy cr from Bio-Rad Life Sciences (Bio-Rad,

ractions of anti-872L antibodies with His

25 STZ2L~ECD and Hisz~tagged cvno e

studied by ProteOn using a ProteOn XFR36

biosensor surface was DIQO&K“

GLC sensor chip using the manu

(9]
o

amine~coupling chemistry. The

sodium acetat

(/

; PH 4.5. The goat anti-human IgG Fcy (about

4500 responze units) was immobliized in
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orientation. The anti-STZL antibodies were provided
vurified, or in supernatants. In either case these
antibodies were diluted in PRB (PRBS pH 7.4, supplemented

with, 3 mM EDTA, and 0.005% Tween 20) to a concentration of
5 about 0.5 ug/mlL. The antibodies were captured (60-130 RU) in

the vertical orientation onto the anti-human Foy antibody-

modified GLC chip. Capture of mAbs was followed by

injection of huST2L BCL in solution {0.024 to 15 nM in b-fold

dilutions) or cynoSTZL ECD in soluticon (0.020 - 5 nM in 4~
1C fold dilutions) in the horizontal orientation. The

-

assocliation was monitored for 4 minutes in all experiments
(200 pL vjected at 50 ul/min). The disscciation was

monitored for 30 minuts Regeneration of the senscr surface

(”

was obtalned with three 15 sec pulses of 10 mM glycine pH

15 1.5, The data were f£it using the Proteln software and using

a 1:1 binding model with mass

oy a Bilacore 3000 optical bio:s

R AR v
Lacore Abb} . All

(O3]

iy, supolemen
20 mM EDTA and 0.005% Tween 20) with or without 0,1% BSA at
25°C.

A RBiazcore biosensor surfsce was prepared by coupling

speclific Ab to the

carboxymethylated dextran of a CM~-5 chip using
25 manufacturer instructions for amine-coupling chemistry. The
couvpling buffer was 10 mM sodium acetate, pH 4.5. An averags

of 6000 response units (RU} of Ab were

cella. The anti-ST2L mAbs were captured

the sor c¢hip
30 surface, Capture of was followed by injection
of huSTZL ECD in sclution (0.2 to 1

{n
-
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minutes

for 10 minutes, or up to 2.3 hours.

Lth in

PCT/US2013/038637

or 8 minutes (200 ul injected =2t 50 ul/min or 20
and €2519). The dissociatiocon was monitcored

Regenere

Jection

H
5 and/or
the Scrubber scoiftware,
version re}y . Double reference
subtraction of the data was performed by subtracting the
by buffer injection the reference~
16 s for analyte injections to correct for
to the signal and instrument nolse
1 Recog 79
orocessing, t
and affinity determi were

BlAevaluation

The kinetic d

i a

cluding term

Affinity measurement of anti-mouse

to murine ST2L ECD.

zed using a simple

L

analy

b

for mass

ST2L mdb {(Cl983/CNTC3%14)

Anti-8ST2L wmdAb 1989 /CNTO3914) and murine STZ2L

extracellular domain {(muST2L-ECD) were expressed and purified
using standard methods., Anti-murine IgG Fey fragment-

specific Ab was cobtained from Jackscen ImmunoResearch

25 laboratories {West Grove, PA}. Sensor chips and reagents for
oreparation of the capture surface were obtained from Blacore
{GE healthcare, Piscataway, NJ}. The experimental Biacore
running buffer (BRRB) contalned TBS pH 7.4 with 0.005% Tween
20 and 0.1 mg/mL BSA and data were collected at 25°C,

30 The interaction of anti-ST2L antibody with muST2L-ECD
Wa s on a Biacore2(00 at 25°C. A bilosensor surface
wa.s :d by coupling ant sepeclfic an te
the surface of a CM4 sensor chip using the ufacturer
instructlions for awmine-coupling . Cl989/CNTO3914

58
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and muSTZL-ECD were diluted in BRB. C1929% was captured using
the anti-mouse Foy antibody (about 85 RU}. Capture was

fellowsd by injsction mulT2L ECD {residues 28-326 of SEQ ID

. A oy ~ -, T
nM, bH concer on

3-fold seri

.

Lation was amonltorad for 8

minutes. The dissoclation was monitored for up 6000 seconds.

1/100 4dilution of

]
D
-
D
Re]
D
o
{
-4
o )
%_.
Q
3
n
=
D
Ia)
®
ke
®
o]
=h
O
=
=]
D
o)
0
s
o]
s3]

using & 1:1 binding

modal .

Human Rasophil cell line assay {(basophil cyvtokine

release assay)

AT

K812 cells {human basophil cell line; ATCC, CRL-209%%9)

were plated in sterile 86-well U-bottom tissue culture plates

at 25,000 or 50,000 cel. oer well in a tetal 40 ul of RPMI
1640 growth medium {Invitrogen) supplemented with 10% KBS and

- JEg 4+ T 0 ; - P 3 T y N + T 4 7 o - § -
peniciilin/ streptomycin., Anti-human STZL mabs and controls
rore added ot arious concentrations (50 u
were adQeld at rious concentrations O

1
incubated at 37°C. After 1 hour of incubation, recombinant

Iy

acids 111-270 of SEQ ID NO: 3) was
entration of 10 ng/mi in 10 pl of REMI
growth medium. The cells were then incubated at 37°C for 18-

.

24 hecurs to allow for IL-33-mediated induction of IL-5 and

were harves

abation,

cell supernatant was collected

Ii-5 and IL-6 using

or bead-based multiplex analyses

Human Mast cell cyiokine release assay and PG, release

assay

= ~ Y s

Mast cells were derived from CD347 human cord blood

cells (Lonza). Frozen vials of >1.0 x10° ©D34% cord

bhlood cellis were rapidly thawed and transferred to a 50

—

{n
Lo
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ml conical tube. Drops of warmed or room temp Stem—Fro
34 media + supplements {(2bomls total; Invitrogen) wers

slowly added te the cells. The cells were centrifug

0

at 1,000rpm for 15 minutes and resuspended in media

StemPro-34, with the following supplements:

r ~ / ) Ia¥a) T — "
30 ng/ml IL -3, 100 ng/mi 1IL-¢, and 100 ng/ml SCF.
Cells were plated in 2 wells

cultured for 1 week. On day

P — P

in supplemented Stem Pro-34 media. On day 7, non-

T

n

adherent cells were removed and plated at 0.5x10%/ml 1

-

n

StenPro-34 media containing 10 ng/rl I1-6 and 100 ng/ml

ells were expanded weekly to maintain cell

/ml ountil mast cells were mature at 6-

ression of FcegRi, cKit, and

F

Mature mast cells were cultured at 0.5 % 10°/ml in
StemPro-34 and stimulated dally for 4 days in IL-4
{10ng/ml; Peprotech), IL-6 (10ng/ml; R&D Systems) and

SCF (100ng/ml; Invitrogen). Prior to assay, cells were

harveste centrifuged at 1,000 RPM for 10min and

containing 10% FCS without antibiotics, with 100ng/ml
human recombinant SCEF. Cells were plated at a density

o . = p 77 / T S 3 1 T
of 65,000 to 75,000 cells/ 0.16 mis/well in a f£lat

oy

bhottom, tissue culture-treated 96-well plate. The

anti-872L mAbs

concentration of 50, 10, 2, 0.4, $.08, 0.016, 0.0032
ng/nl for 30 minutes prior to the addition of IL-33.

Recombinant human “mature’

SEQ ID NO: 3) w

;

al

g\
&}
o
o
=
(’?‘
0
[

n

in media + 100ng/ml SCF. 20

60
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added to the wells, concentration of 1

{(Figures 6 and 7TA-7

the plates were incubated overnight at 37°C, 5% COs.

\,
1ON
’._4
o0
1
N
NN
-
-
O
jo
»
5
o
=
o
N
(
b

Culture supernatant was harveste

oy 1{‘ miNnlitTaes Th SIITMNESTNAaT ni W3 = NI =Ye ] Y r-ye 3
oY LU minucec. € supernaidaint was removed andc pilaced
o e - T - I . T T o A e PR, B P SO

into a U bottom 96 well plate and stored at -20°C priorx

To assaying. Human cytokine kits from Millipore wers

used to analyze cytokine levels using Luminex'
technolegy. Levels of PGD2Z2 were measured using the
Prostaglandin D2-MO¥ EIA kit from Cayman Chemical

Company, according to manufacturer’s instructions. In
order to enhance the sensitivity of the ELISA, PGD, in

ture supernatants were converted into

“reatment with methoxylzamine hydrochloride (MOX-HCL).

Mouse recsptor-ligand binding inhibition assay {(mouse RLB
assay)

ear plate (VWR) was cocated with 50 u

et
}...I

rg/ml geat anti-human IgG, Foy fragment-specific {Jackson
Immunoresearch) antibody for apeoroximately 16 hours at 4

were comolet

at rcom temparatury

noubated with blocking buffer, washed and 50 ul
mouse ST2L-ECD fused to human Fc was added for 1
he plate was washed and 1 pg/ml of bictinvyviated milL-
32 with or without anti-mS8T2L antibcodies added. The plate

was washed and detection done with streptavidin-HRP {Jackson

Immune Researchn) an

d signal developed with TMB substrate (HDI

-

1 ns.

ti

@]
@]

o

ins
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Mouse and Human reporter gens assayvs (human or mouse RGA
agsay)

HEK293 cells were plated at 50,000 cells per wel

»
=
]
=
=
:

o

a

clear—-bottom tissue culture-treated Y96-well plates (NUNC) in

5 DMEN 10%FBS and incubated in humidified incubsator at 37°C

5% CC, for 24 hours. Cells were co-transfected with vectors
encoding either human or mouse ST2L-ECD CcDNA, NE-kB-
Luciferase vector {(Stratagene, Agllent Technologie

Clara, CA) using Lipofectamine™ 2000

10 {(Invitrogen) using standard protoco

e co e ; o
incubation at 37°C, 5% C0., the trans

with mouse {R&D Systems, residues or
human 270 or
witho =35 fox
15 Luciferase activity was measured
{(Promega) accordi o the manufa
Mouse T-oell proliferation assay
Mou Th2 cells oLy,
20 complete growth medium: RPMI 1640 medium with 2 mM L=
glutemine adiusted to contain 1.5 g/L sodium bicarbonate, 4.5

g/L glucose, 10 mM

and 1.0 nM scdium oyruvate, and

supplemented with: 0.05 mM Z-mercaptoethanoc

10 pg/mi IL-

o, {R&D Systems), 10% fetal bovine serum, 10% rat T-STIM
25 fact with Con A {ra

Becteon Dickinson).

LORFBS

28,

fe]
pan}
D
[0
"
ol
—
vl
X
o
=
—
~

¢
x
o
(an]
€.
0
e
e
b
0
.
(J
0
~
=
o

clear bott

(9]
o

Rochester, NY}. Vari

109-266 of SEQ ID NO:

final assay velume of

neutralization, control antibodies (spiked in spent hybridoma

N
N
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medium} or hyvobridoma supernatants were added to

10N

hours in humidified incubator
at 37C, 5% CO,. Quantitation of wviable cells was achieved
5 with CellTiter-Glo® reagents {(Promega, Madison, WI}; protocol

performed according to the manufacturer’s instructicns.

10 Mouse bone marrow derived mast cell assay

mast celis were derived from bone marrow of

Balb/c mice (6 weeks). Cells were vlated at 300,000

- i .
cel /W

in RPMI media (endof: freey, 10% FRS, 10%

cell line-conditioned medium, 10ng/ml IL-3 {(Peprotsch), 0.1lmM
15 egsential ami

(Invitrogen).

2

ng/ml) were orior to
addition of mbinant mouse Mt [L-23 {residues 10%-
266 of SEQ ID NO: 215 (10 ng/ml; R&D Systems). After

ested and froz

¢ supernatants were narv

/

ising the Millipore Mouse 22-plex kit for

to manufacturer’s instructions.

Cyno endothelial cell assay

25 ynomolgus Aortic Endoth

FCMEB-2 Endothelial Cell Growth Medium—2 {(Lonza) were

plated 1in 96-well tissue culture plates at 10,000 ox
20,000 cells per well, 50 pl of anti-ST2L antibodies

30 subseguent 4- or H-fold dilutions and incubated at 37°C

ition of recombinant cyno

‘mature

ng/ml o

N
()
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incubated at 37°C TG IL-33~-
induced cytokine responses the supernatants were

harvested and the cytcokine levels were assessed by a
Non-Human Primate IL-8 kit for Luminex™ {(Millipore)

5 according to manufacturer’s instructions.

The peritoneuns of 6 RBalb/c mice was washed with a

10 total of 2 mi PBS to collect peritonezl cells. The majority
of these cells were found to be lymphocyites and macrophages,

Approximately 1% were cKit’® (CD1177) mast cells. Cells were
centrifuged and the pellet was resuspended to 1

15 in Alpha MEM media+ 10% FBS + 100 U/ml Penicillin + 100 pg/ml
Streptomyein {Invitregen). Cells were plated at 200 ul pe

well in & 96-we

Xe]
st
ot
[
-
o+
1)
S
[
I
D]
w
e
D]
(o3
[N}
3
o
o+
v
(@]
e
=
l‘
|
(93}
]
N
-

ot
w
<
=
l‘
=
o
o+
o]
[®)]
s}
]
e
C
by
o+
C
o+
b
.
0]

ion, stored

Sl uad a Sl o mrals e e
ANeLysis, and dILd,L}l s 1ng the

1lipere

Y according te manufacturer’s instructions.

D
o

Example 1. Generation of rat anti-mouse STZ2L antibodies

.

toneally with mouse

titers were cbhtained, smlsnocytes were lszolated and

30 fused

cultured for 10 days. Antigen specific clones weare

L . - s
with FO cells. The resu

identified by standard capture ELISA for binding to

64
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m3TZ2-Fe and cross screened against the Fo protein

QM

alone. Murine S5TiZ-gzpecific hybridomas were further

ot
D]
&3]
ps
D
@}
=t
O
[
ot
o
[0
o]
-
<
e
1
0]
]
9]
rt
L
(o
o
3
Q,
3
(o]
~+
Q
omn
[
3
¥
3

mouse Th2 cell proliferati Hybridomas exhibitin

P.J
9

neutralization in both receptor-ligand binding and

cell-based proliferation assays clonally selected

by limiting

dilution. Hybridoma V-regicons were

-t

segquenced and cloned into mouse

L

gGl background. STZL-

.
@]

[}
o}

ECD domain specificity was addressed by standard
immuncsorbent assay with electrochemiliuminescent
detection using various human-nouse domalin-swap

“nstructs
2 ;J\,J:\J.kzt,xzo

into mouse IgGl background and
Sequences of CNT03%14 variable regions and CDRs are
shown in Table 2. CNT03914 does not cross-react with

human ST2L and bi Domain I of mouse STZ2L-ECD.

3
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HCDR1 HCORZ HCDR3

raAb Name ; et
Sequence Seguence ’ Sequence

SEQID
NO:

1993/

HYGMA 13 SHTDGTSTYYRDSVKG 14 GsDOYEDY
CNTO3914

15

LCBRE LCBR2 LCDR3

raAb Name iy
Seguence Sequence ’ Sequence

SEQID
NO:

1993/

K5SQSLEYSDGDSYLE 16 GYSNRFS 17 FOATHDPET
CNTO3914

18

mAb Name VH sequence SEQ D NO:

EVOLVESGGGLLOPGRSLKLSCTASGHFSHYGMAWVROAPTKGLEWY
SSHTDGTSTYYRDSVKGRFTISRDNAKNTOYLOMDSLRSEDTATYYCAR 19
GSDDYFDYWGQGVYMVTVSS

1999/

CNTO3914 Vi seguence SEQID NO:

DVVLTOTPVSLSVTLGDQASISCKSSGSLEYSDGDSYLEWYLGKPGOSP
GLUYGVYSNRFSGVPURFIGSGSGTRFTLKISRVEPEDLGYYYCFOATHDP 20
FTFGSGTELEIK

Example 2. Generation of mouse anti-human ST2L
antibodies
Twe different immunizations were performed for

NN S T = P e o Cri Y 7 -
generation cf mouse antili-human ST2 mAbs.

BALR/c were lumunized intraperitoneally with scluble
STZ2-Fo (R&D Systems, SEQ ID NO: 157) and asseszsed for
speclfic Igl ite Crice clent titers were obtained,
splenocvtes were lsclated and fused with FO cellis. The

resulting hybridomas were plated in %6 well vlates and

cultured for 10 days. Antigen specific clones were

identified by standard capture ELISA fox to C-

terminal Hisg-tagged huSTZL-ECD and cross-reactivity to Hisg-
agged cyno STZL-ECD. Human ST2L-specific hybridomas cross-

reacting with cyno STZL were further tested for the

inhibition of IL-33 binding to huST2L in an ELISA assay

(€]
[OX]
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for the inhibition of NF-«B activation in reporter gene

assay. Cleones inhibiti in reporter gene assay or in both

ELISA and reporter

sttugies.

5 Antibodies from hvbridomas C24%4

human STZL at Domein LI, and C2494 binds human STZ2L at
Domain L. Antibody C24%24 was C
background, and the fuill length antibody was named STLMOGZ.

1G6 Anti-human ST2L mAbs were generated at Genovac Gmbh by
oroprietary DNA immunization technology using full length
STZL constructs and boosting with the cells transfected to
express human ST2L-ECD. Hybridomas were screened for binding
to human ST2L-CD by flow cytometry. Clones that sexhibited

15 binding in this assay were confirmed to bind hST2L-ECD and
further characterized for binding te cyno STZL-ECD by

standard capture ELISA. Selasct clones were characterized 1n

iticon ELISA and reporter gene

azsay.

20 ELISA and reporter gene

Antioody from Genovac hybridoma C2244 was selected fox
cloned into human 1gGZ background. The

full length antibody was named STLMIS. ST

25 STZ2L at Domain 1.
T PO TN 3 vy = - o
Seguences of tl VH, VL and CDR domains of the nouse
anti-human antibodies are shown in Table 3.
30
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HCDRL HCDRZ HCORS
mAb oD SEID SEQ D
Name Sequance ' Sequence S Sequance SRR
N NO: NO:
C2519A  {DYNIMN 21 NINPYYGSTTYNQKFKG 25 EGDTYLAWFRAY 29
C2521A  {TYWMN 22 QIFPASGSTYYNEMFKD 26 SENIYYINFQYYFAY 30
C2244/f . e - . . - .
) SDYAWN 23 FISYSGDTSFNPSLKS 27 YDGEYSFDY 31
STLVILS
C2494/ DDYMH e RIDPAIGNTEYARKFQD a9 GDFYAMDY 3
STLVER - - ‘
LCDRE LCDR2 LCDRR
mAb oD SEID SEQ D
Name Sequance ' Sequence S Sequance SRR
N NO: NO:
C2519A  {RESQSIVYSNGNTYLE 33 KVSNRFS 37 FORSHVPPT 41
C2521A  {RASONIGTRMH 34 YASESIS 38 OQSNTWPF 42
C2284/ e ) . . . . ;
s RASKSVSTSGSSYMF 35 LASNLES 35 QHSREIPYT 43
STLMLS
Cz4a4f ITNTDIDDVIH EGQNTLRP LOSDNMLT
r a4
STLME? 3 a 4
mAb VH sequence SEQ D NG
EFCLOGSGPELVRKPGASYKISCKASGYSFTDYNMNWYKQSHGKSLEW!
C2518A  {GNINPYYGEYTYNOKFKGKATLYVDKSSNTAYMHLNSLTSEDSAVYYCA 45

REGDTYLAWFAYWGEQGETLVTVSA
QHQLOOSGPELVRPGTSVIISCRASGYTFLTYWMNWYKQRPGOGLEW!
C2521A  {GQIFPASGSTYYNEMFKDKATITVDTSSSTAYMOLSSLTSEDTAVYFCAR 46
SENIYYINFOQYYFAYWEQGETTLTVES
EVOLOESGRGLVKPSQSLSLICTVTGRSITEDYAWNWIROQFPGSKLEW
MGFISYEGDTSFNPSLKSRISVTRIOTSKNOFFLOLNSVTTEDTATYVYCASY 47
DGYSFDYWGQGTTLTVSS

C2494/  {EVQLOQQSVAELVRPGASVKLSCTASAFNIKDDYMAWY KQRPEQGLEW
STLME2  {IGRIDPAIGNTEYAPKFQDKATMTADTSSNTAYLOLSSLTSEDTAVYYCA 48
LGDFYAMDYWGQGTSVTVSS

mab Vi saguence SEQ D NO:
DVLMTOTPLSLPVSLGDQASISCRSSOSIVYSNGNT

C2819A  {KLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAE

PYFGGGTKLEIK

ILETQSPAILSYSPGERVSFRCRAS

YLEWYLQKPGQSP
DLGYYYCFQGSHVE 43

C2521A  |SESISEIPSRISGSGSGTD! 50
LEIK

caaq;  |DIVUTOSPASLAISLGQRATISCRASKSYSTSGS

;; [;l‘% LIYLASNLESGY PARFSGSGSGTRFTINIHPVEEEDAAAYVCOHSREIPYT 51

T AREGGTHLEK

C2494/  {ETTVIOSPASLSVATGEXVTIRCITNTDIDDVIHWYGOKPGEPPKLLISES

STLMG2  {NTLRPGYPSRFSSSGYGTDFVFTIENTLSEDVADYYCLOSINMLTRGAGT 52

KLELK

Example 3. Generation of fully human ST2L antibodiss

Human ST2L-binding ¥Fabs were selected from

o
O]
o]
O
=
L
el
]-4
>/

JUS IO IR | [ v = a - 41 F] PN oo 3 -
phage display libraries as described in Shi et al., J Mol

357:385-9¢6, 2010; Int. Pat. Publ. No. WO200%/085462;

3.5, Pat. Publ. Neo. US20106/00621477). Briefly, the libraries

-~
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@

were generated by diversifying human scaffolds where germline

-

VH genes ; LGHV3=23*0L, and IGHVDE-51*01l were

recombined with the human IGHJ-4 minigens via the H3 loop,

and human germline VLkappa genes C12 {LIGKV1I-39*01), L©
5 (IGKV3-11*01), A27 (LGRVI-20%01), and B3 (I 4-1%01) were
recombined with the IGKJI-1 minigene to assemble complete VH

and VL domalins. The positions in the heavy and light chain

cCorresoon

16 contact wit] antigens were chosen for

diversificat

a]

was limited to residues
IGHY or IGLV germline
IGLV gsnes. Diversity at the H3 loop was

15 utiiizing short to mid-sized synthetic lo

amince acids. The amino acid distribution

tTo nmimic the cbserved variation of aminc acids in human
antibodies. Library design is detailed in Shi et ai., J Mol
Biol 297:385-86, 2010, The scaffcolds utilized to generate

20 libraries were named according to their human VE and VL
germline gens origin., The three heavy chaln libraries were

combined with the four germline light chains or germline

combinations for screening, AlL 24 VH:VL library

Ny
o

combinations

The iibraries were panned using a Fo fusion of the
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The biotinylated {(Bt) antigen huST2L-ECD human Fo fusion {(3t-
huST2L-ECD-Fc) with a 10x higher concentration of human fc

proteln as competitor was mixed with Fab-pIX phage libraries.

~]
O
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The Fab-piX vhage bound

o 12 Dlocked

(S4)~coated magnetic beads.
Phage selectiocons were performed for three rounds where the

huSTIZL-ECD-Fe concentrations varied from 100nM, 10nM, 10nM

5 from rounds 1 to 3, respectively. For Ag display the Bt-
husSTZ2L-ECD-Fc was ccated on SA cceated magnetic beads. Fab-

olX phage libraries pvlus 10x excess of human Fc protein was
added simultanecsusly to the Bt-hulST2L-ECD-Fo displayed SA-

D - o~ - N B T - N8 S
beads. Bt-Ag concentrations used were 100nM, 10nk;,

1C 10nM for rounds

both panning

e proteiln. At

from these
ELISA to have the best kbinding activity overall.

binding inhibit

79 ¥Fabs. A total of 32 Fabs showed

inhibition of 1L-33 binding to huST2L-ECD-Fc. 46 KFabks were

chosen for affinity maturation from the piX de no

20  Example 4. Affinity-maturation of fully human STZL

antibodies

Select antibodies were affinity-matured using an “in-

ine” maturation process described in Shi et al., J Mol Biol

N>
831

of Fab

coumbinsd with librarie
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All VH

oloned as wools

inal

according toe thelrx
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scaffold 1il ries and their

schemas are

nhe human

(B3} and are described for example in U.3. Pat. Publ. No

~1
=



WO 2013/165894

16

PCT/US2013/038637

US2012/0108795. For affinity maturaticon vanning, the ohage
iibraries were added to Bt-huSTZ2-ECD-f¥c first., Affter
incubation the maturaticon library phage/Bt-h8I2L-8lD-FC
complex was added to the SA-coated magnetic beads. The Bt-

T T v O R P . e } < 1 <5 - fol} ™Y o
huST2~-F¢ concentrations varied respectively from RL to R3I at

e,

10nM, inM, and 0.1 nM. The final wash of round 3 was
verformed covernight at room temperature in the presence of
10nM unlabelled huST2L-ECD-Fo to further drive affinity

improvement .

AT T
Tabie 4.

Vi ibrary diversification scheme for different scaffolds

Position
Loop L A7 B3 L6 ¢12
{Kabat}

20 SRNTD RNDGHSY SRNAD

302 SNR RNDGHWY -

L 30e RNDGHSY -

SNRADH

RNDGHWY

NSKD

SNKDG

YFHQSEK

YNWR

YWOFHSAN

YHNDWFSAY

ADGS

YWNK

ADKGYFTN

FYTNKADG

Y5HA

SYWH

RYSGF

SAYHPD

YNDSHIFKG

SYGN

RHNSL

FIYHNDKGRE

SNTDGHR

STER

NDKR

STHNDRG

TYLVFAS

WYSH

WA

TYLVFSRGPE

WYFLIR

YRWH

WYFLIR

LWREYIN

A tetal of 161 seguence unigue Fabs were obtained frow

the maturaticn pannings. Fabs showing highest binding to
hu3T2L~ECD were converted to IgiG for further

characterization.

MAba STzZM48, ST2M49, wers salec

fer their VH, VL and CRR

seguences are shown in Table 5. Mabs STZ2M48, S5TZMAS, ST2MLH0

~]
N
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and ST2M51 bind human STZL Domain 111, and cross—-r
with mouse 3T2L.
Table 5.
HCDRL HCDRZ HCDR3
mak i HCID SEQ D SEQID SEQID
Sequence . Seguence Sequence Ny
NO: NO: NO:
ST2MAB STLHI2S  ITSYWIG 53 JGHYPEDSYTRYSPS 55 {LSGREGY 57
ST2MA9 STLHIAD  ITSYWIG 53 JGHYPEDSYTRYS 55 HGGMEGY 58
ST2M50 STLHI25  ITSYWIG 53 GHYPGDSYTRYSPSFCQG 55 LSGRFDY 57
ST2Ms1 STLHI30 SSYAIS 54 IGHPIFGTANYAQKFGG 56 DTPOLDY 59
LCORI LEBR2 LCOR2
mAb D LoD SEQ D SEQID SEQID
Sequence . Seguence Sequence Ny
NO: NO: NO:
ST2M48 STLE232  RASQEVRDALA 80 FASNRAT 64 JQOFNTWRIT 57
ST2MA9 STHE20E  IRASGSVANALA 81 KASNRAT 65 {QRYYGWPIT 58
ST2MS0 STLE228  IRASCGSVSNALA 52 FASNRAT 64 JOOFFNWRIT 59
STamsl TCLL3 RASCSISSYLN 53 YASSLOS 65 {QQSYSTPLT 70
SEQID
mAb Name VHsequence Q
NO:
EVOLVQSGAEYKKPGESLKISCKGSGYSFTSYWIGWYROMEGKGLEWM
ST2M48 YPGDSYTRYSPSFQGGYTISADKSISTAYLOWS SLKASDTAMYYCARLS 71
GREDYWGOQGETIVIVSS
EVOLVQSGAEYKKPGESLKISCKGSGYSFTSYWIGWYROMEGKGLEWM
ST2MIAS  {GHYPGDSYTRYSPSFQGOVTISADKSISTAYLOWSSLKASDTAMYYCARIG 7
GMFOYWGQGTLVTVSS
QY OLVOSGAEVKKPGSSVHVSCKASGRTESSYAISWVROAPGQGLEW
ST2MS0  [MGGHFIFGTANYAQKFQGRYTITADESTSTAYMELSSLRSEDTAVYYCAR 71
YNFFFDYWGOQGTLVTVSS
QVQLVOSGAEVKKPGSSVKYSCKASGETRSSVAISWYROAPGQGLEW
ST2M51  IMIGGHPIFGTANYAQKFQGRYTITADESTSTAVMELS SLESEDTAVYVEAR 73
DTPQLDYWGQGTLVTVSS
SEQID
mAb Mame Visequence )
NO:
EIVITOSPATLSLSPGERATLSCRASOSVRDALAWYOQKPGUAPRLLIVFA
ST2M48  |SNRATGIPARFSGSGSGTOFTITISSLEPEDFAVYYCCOFN TWPITFGQGT 74
KVELK
EIVITOSPATLSISPGERATISCRASOSVANALAWYQUKPGQAPRLLIYKA
ST {SNRATGIPARFSGSGEGTOFTLTISSLEPEDFAVYYCQQYYGWPRITFGQUET 75
KVELK
EIVITOSPATLSISPGERATLSCRASOSVDUDWLAWYQOKPGQAPRILIYK
ASNRATGIPARFSGSGSGTOFTLTISSLEPEDFAVYYCOQYNRAPWTFGO 76
GTEVEIK
DIOMITOSP VGDRVTITCRASQSISSYENWYQOKPGKARKLLIYYA
ST2M51  {SSLQSGVPSRESGSGSGTRRTLTISSLQPEDFATYYCQQSYSTRUTFGQETK 77
VEIK

Example 5. Characterization of anti-ST2L antibodies.

~1
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Arntibodies derived from variocus campalgns as described

above were further characterized for thelr ability to block
~eracticon, for of 3

signali NF~-xBE reporter gene assay, ability

vonses, for

against cross—reactivity

with mouse ST2L. Epitope mapplng was done using

ST25L domain swap chimeric constructs as described in

Materials and Methods. Results of the experiments are shown

o)

1C in Tables ¢, 7 and 8. In Tables 7 and 8, “+” indicates that

ol antibody blocks interaction, and ™" indicates
it deoes not block IL- ~eracticn., Experiments with
CNTQO3914 were done using mouse cells and reagents due to lack
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18 waere used in assays for all cother antibodies.

{mAbs

20 J antibodies blocking IL=-33/8ST2L interaction bind
to STZ2L Domain I, whereas the non-blilocking antibodies bind to

I. The

e e R - o R «
assay and IL~-33~induc
pasophil ce line, or in case of CNTO0381l4, assessed by nmouse

binding te S$ST2L Domain I

cell responses as

assessed by cytokine and chemckine secretion when compared to
anti-ST20L antibodles binding ST2L Domain I1L. CNT0O39214,
20 which binds mouse ST2L domain I and does not cross-react with

human was also able to inhibit IL-33-induced mouse mast cell

responses.,

~1
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. Affinity to human §T2L Affinity to cyno ST2L
corresponding
A hybrid K KD
WRNaoma 41 1 o 11, 1
Kop (M Kot 157} Ko (IM7s73 Ko {57} ,
on (V 5 ) SHACEN (DM) on ( S off (Q ! (pl\ﬂ)
STLMI1S (2244 1.02E+06 | 4.25E-05 42 4.81E+06 | 5.30E-05 11
STLMED C2494 4.26E+06 | 1.19E04 28 4.53E+07 | 5.509E-04 12
na C2519 4.83E+05 | 8.70E-05 180 7.14E+04 | 3.208-03 44800
na 2521 6.18E4+05 | 4.90E-05 79 4.47E+05 | 1.66E-03 3710
ST2M48 ra 1.32E+06 | 7.33E-05 56 1.038+07 | 2.65E-03 257
ST2r149 na 1.50E+06 | 1.61E-04 101 46654037 | 1.24E-02 265
ST2MB0 na 1.15E+06 | 5.10E-05 a5 2.01E+07 | 2.49E-03 124
STZM51 na 1.29E+06 | 4.87E-05 38 4.428+07 | 3.36E-03 76
Table 7.
B hil | Mast cell
corresponding ) “ aso;‘) i s _Le ST2L
mAb , RLB¥ RGA™ | cytckine | cytoking ,
hwbridoma apitope
release release
STLMILS £2244 + + + + hD1
STLMEZ C2494 + + + + kDL
2519 - & + - kD3
C2521 - " + hD3
ST2MAR NA - + nt - h/mD3
ST2M49 NA - + nt - h/mD3
ST2MS0 NA - + nt /mi3
ST2M51 NA - nt - h/mD3

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV *Receptor-ligand binding inhibition
”Repos‘ter gene assay
hD1=human ST2L D1 domain
mD1=mouse STZL D1 domain
h33 - human ST2L B3 domain
h/mbD32 = human and mouse ST2L 01 and D3 domains

nt= not tested

~]
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. _— Mast cell
corresponding ) T-cell Peritoniel )
mAb . RLB* RGA" ) , cytokine

hybridoma protiferationi cells lavage .
relegse™ ™

ST2L
epitope

CNT33914 C1988 + + + + +

mil

*Receptor-Ligand binding inhibition

#
Reporter gene assay
**Bone marrow derived

Example 7. S%2L domain I binding antibody CNTO03914 inhibits

intranasal IL-33-induced airway hypar-responsiveness {AHR},
ajirway inflammation and mouse mast cell responses.

our consecutive daily intranasal doses of 2 pg/mouse

IL-33 (R&D Systems) {residues 10%-266 of SEQ ID
NC:215) were administered to female BALB/c wice. Anti-mous
ST2L antibody CNTC3914 was prophylactically dosed
subcutaneously at 20 mg/kg {(or 2 mg/kg cr 0.2 wg/kg)y 24 h
orior to the first I[L-33 intranasal administration. Contro
mice received isotvoe control CNTCS516 or ;, 24 h prior T

respensiveness (AHR}) to increasing doses of methacholine wa

measured using forced man

(Scireqg, Montreal, Quebec, Canada). For measurement of

alrway hyper-responsiveness (AHR), mice were anesthetized

N

with 100 mg/kg pentobarbital and 13 wmg/kg phenyitoin and

tracheostomized before

ized with sa

were nebu

with

e For =zalil

s (10 and 20 mg/mbL) of

and

chi dose of methacholins,

imately 2 minutes using the “snapshot”

oolliected

T oy os

verturbation. he peak raslistance was
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those values with a COD {(coefficient of determination} abov

0.9.

celliular response in the lungs. Twentyv—-four hours followin
the last mlIL-33 isotype or PBS administration, mice were
sacrificed by overdose of Sleepawav® 1.P. Lungs of the mic

a of coid PBRS with 0.1% BSA.

were lavaged with 0.7 m
ti

fiulds were centrifuged at

cytokine/chemokines. The

counts ‘JST:,I"LQ,’ o nao \77 omete

caells were occunted from

aytozpin smears

micres O .

supernatants were collected a

at -80°C until used for Luminex protein analyses. The lung
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tube containing Iml of PBS + protease inhibitor and frozen

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

N

PCT/US2013/038637

a

the manufacturer’s protocol for the Murine Millipore 22-plex.

Mouse mast cell protease-1 (mMCP-1) in the BAL fluid was
L

slgnificant]

d alrway hyper-

P

respeonsiveness in the model of iung inflammation induced by

A A
JadL4 wWas

intranasalily administered IL-33 (Figure 1}. CNI

dosed subcutaneously 24 hr prior to four dally consecutive
intranasal administrations of 2 ug/mouse mIL-33. Peak Airway

Resistance as determined by Flexivent was significantly

at Z0mg/kg. Each bar

-
7
i
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ants the mean & SEM of three (CNPCL510, an isotvpe

antibody) to

..... mice per group. The results have
been repeated in two separate studies. Sigrnificance was
determined using the Two-Way ANOVA with a Bonferroni post

5 test, CNTO3914/IL-33 **p<(.05 vs. CNTCS5516/IL-33; and
FREL(0.001, ve. PBS with IL-3

IL-33 treatment group

Bronchoalveolar Lavage

1C (BAL) cell recruiltment in the used mode (Figure

N>

Y was desed suboutaneousliy

4 hy prior to

o the mean * of three
(CNPO5516, an ilsotyvpe control antibody) to iz mice per
group. The results have been r

epeated 1in two separate
cance was determined using the Two-Way ANCVA

with a Bonferroni post test, ***o<{

st, o<(.001.

20

Mast cell responses in vive
Mast cells store proteases including tryptases and

chymases in their granules, which are released guickly upon
mast cell activation Mouse Mast Cell Protease 1 (mMCP-1) is

25 a p chymase released by activated mast cells and known to be
important for contrel of parasitic worm infections (Knight et
al,, J Exp Med 182:1845-56¢, 2000; EHuntlevy 2t al., Parasite
Immunol 12:85-95, 1990}
as a ma of mast cell

30 induced in a mast cell-dependent :

:nt model of alrway

house dust mite {(Yu and Chen,

ned by

Cific) was

23 administered

was dose-dependently
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determined using the

One~Way AN iith a Tukev post test, **p<d.0l, ***p<0.001

vs. LL-33 treatment.

5 Example 8. Anti-ST2L Domain I binding antibodies inhibit mast
cell responses in vitro
Mast cell responses were assessed by relesse of
chemckines and cytokines by mouse and human mast cells asg

well as prostaglandin Dy in

1C Anti-ST2L Domain I binding antibody CNTC39

release including GM-CSF

N T s

, &an TN (F:

4C) by mouse bone marrow-

ST T N\ - -
STZL Do

(STLMEZ)

—=inaucet

r

1z induced by 3 ng/ml IL-33 at antibody

congentraticns 2, 10 and 50 ug/r

I (Figure 5).

Anti-STZ2L Domain I binding antibodies C2494 and C2244

inhibited IL-33-induced GM-C3F, IL-5, IL-8, IL-13 and IL-10

cytokine/chemokine measured, the

-~

tested, and medis

concenty

[\\
w
rg]
oW
[
@
oW
e
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“
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e

was betwe

conduct concentration 2
100% at antibody concentration of 50 pg/wl

Anti-ST2L Dom:

ing antib

ST

EMAS, ST2MA%, STZM50, and STZMS1 showed modest or 1o

30 irnhibition on, or stimulated IL-33-induced cytokine release
by the mast cells (Figures TA-TE and 8A-8L) at antibody

TN

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

inhibition was dependent on cytokine/chemokine measur
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antibody tested, and media used. Calculated average percent
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Table 9.
HCDRA HCDR2 HCDR3
FabiD VHID | Framework s SEQID s SEQID s SEQID
Sequence Sequence Quuence
9 NO: 9 NO: 4 NOE
ST2F8 VH3-2 SYAMS 78 AISGEGESTYYADSVKG 25 DPWSTEGSFFVIDY 34

Vk-B3

T2F1 ST2L20 KSSOSVLYSSNNKNYLA

3-23
ST2F4 VH3-23 SYWMH 73 GISSGGGSTYYADSVKG 82 DGWGTVYFPFDY 85
ST2FL ST2H35  {YHS-51 SYWIG &0 DEDTRYSPSFOG &3 DTADFRRWDFDY $6
LCDR1 LCDR2 LCDR3
FabiD VLD | Framework SEQID SEQID SEQ L
Seguence Sequence Sequence
NG NO: NO:
STIFS AT2L24  Vk-16 RASGEVDDALA 87 DASNRAT 90 QOFYNWPLT 92
ST2F4 ST2L23  {Vk-LA RASQSVRDDLA 22 DASNRAT 50 QQYIHARLT <3
G

WASTRES 24

-

QOSNTYRET

Example 11. Affinity-maturation of huwman ST2L

ST2FL, 8TZr4 ST2F6

A vﬂ_] irne” matorat N VYT Y € G
1t Line MaTuratlon procaess

4 207 S i Ay N
Bicl 387:385-39%95, 2010 and I

hinding Fabs

were affinity-matured using an
described in 3hi et al., 1 Mol

. A O A e
nt. Pat. Fubkl. No. WOZ2009/085462

made for

W e

ST28L, ST2F4 and 3TZ2E6 by diversifving corresponding iight
chain libraries, B3, Lb and L&, respectively, and combinin
the libraries with the Fab VH regions. The diversification

scheme for light chain residues for the L6 and B3 affinity

5 maturation libraries are shown in Table 10. Pos on
numbering is accerding to Kabat. For affinity maturation
panning, biotinylated huST2-ECD-Fc was captured on
streptavidin (SA)~-ceoated magnetic beads at concentraticons of
10nM for round 1, 1nM for zound 2, and 0.1 nM for round 3.

zZ0 The final wash of round 3 wa
temperature in the presence

5

e

overnight at roow

-1l 1lad huST2L-ECD-Fc.

of

N

o
X
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Lol =S

STLM220, STILIM2Z1, STLMZ222) (Figure 10 and Figure 11) have

frameworks derived from VH3-23 or Vk-L6. All antibodies bi

ST Mg 4 o T e T ke
STZ2L Domein I and block

Position Amino Acids
31 SDNTAY
32 SDAY
33 SDAY
35 SN
50 SDNTAY
52 SANTKDEGR
53 SANEY
56 SANTKDEGR
58 SDNTAY

.‘oeu n L.LALA

HCDR3.

Example 11. Human framework adaptation (HFA) of C2484

The framework adaptation process was done as

D
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the heavy and light chaln seguences were compared with the
human germline sequences {(only the “017 alleles as of Qct
2007y using BLAST
al., Nucl. Acids.
Nucl. Acid Res,.,

human germline genes,

amince acid level)

h.

were removed. The remalning closest matching

™~

genes in both the framework and CDR reglons wers chosen as

human frameworks. A

germline human frameworks were selected based upon overall

sequence homology and CDR lengths as well as CDR simliarz

84
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FR~4 was selected baszsed o

GJK germline genes,

the VH chains {(Kaas, et al., Nucl. Acid Res. 32, I
2004; Lefranc M.-P et al., Nucl. Acid Res., 33, DH93-D597,
05y with C2494 sequence}. Then, the CDRs of C2
{underlined in Figure 14} were transferred into the sslected
acceptor human frameworks to generate the HFA variants,
sponding to the CDR-HL of Vy. Foxr

1C . Pat. Publ. No.

from the non-human antlbody

into the human FRs

. .
h1ahl 1on
hi \5} LR L0

in

ct in antic

-1
(O8]
N

15 Recognit. .

The mature protein sequence of CZ24%4 (Vi: SEQ 1D
VH: SEQ ID NO: 48) is shown Figure 14. In the figure, CDR
residues (Kasbat) are underlined, Chothia HV loops indicated

human

[
b
0]
e}
[
>
o+
o
o}
©®
bt
[
@]
1
[
o

below CDRs, and residues transie
20 frameworks indicated under EVs (HFA). HCDRZ residues

highlighted in grey were not transferred in all variants.

Ny
o

developabi and

tryoptophan resldues 11 N-gl sylation and

deamidation

5. In LCDR3, there 1s a potentially exposzed

upon the

O
-

pu

O

- - 2 . S T T D
remove 1it, & variant (STLLZ23

a
+

generated and characterized. For the heavy chain, the R

w
)
=
W
0

residuse in the CAR moti

Just before HCDR3 mayv negatively impact a cluster o

- -~

£
negatively charged residues (Chothia residues D31, D32, D96

and D101s Figure 14) which mav be 1imoortant for Dindino 2
ana viluvia, igure 2), WNRAICH May Le 1WMportalnt TI0rXr Linaing. £

(x
@3]
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('!‘

VH with substitution of argirnine for leucine at Chothia
residues 94 (CAR -PCAL) was generated and characterized.

miAbs combining designed heavy and light chains,

with the C2494 parent

o

ST2L. Fx

for binding to huwm

t
IGHVI-24*01 {SEQ ID NO: 148)

NC: 149 heavy frameworks

sxpressed antibodiles well and bound
2L when compbined with various HFA light chalns having

10 IGKV3~-15*01 IGKVL~-9*01

(012) (SEQ ID NO: 154},

15 STLL276¢, STLL275, S5TLL274, 3TLL273, STLLZ72).
Segquences of HFA VH and VL variants are shown in Table
12. Transferred residues are underlined, and additiona
substitutions describ: above highlighted in grey. Tab
ashows SEQ ID NCs: as well ¢ unigue pDR {(plasmid) and CBIS ID

20 for each EFA VH and chain combination

~ization is

jo
K
N
G
¢
o
b

for generated mAbs

shows the human framewcrk (compined V and J

2494 CODRs.

regions)

No
o

{coupled to JKZ sequence).
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TLSSLOPEDE

SVLZ494~1GRVI=-27 AZ0
DI(\M’]_ ;/su‘/’uD VT LTCLT
TDETL TISSLQPE

w
&
2
W K
n
/f

SVLZ2494~IGRVI-39*01012 {SEQ
DR\TIT LTNTD

GVEPSRESGS DEA
10
SVLZASA-TGRVI-12%01

L2
DICQMTQSPISSVIASVGLRVT LY

OTOONV S

KPGRAPKLLIYEG!

GVPSRESGSGSCGIDETLTISS EGOGTRLELIK

Jo
o

>VLZ2494-1IGKVI-5%01 L1Z ({SEQ

DICMTGSESTLIAS ~\7Lr1 DRVTLTCLT

T
H
2L

(PGRAPKLLIYEGN

TLSSLOPDDEATY

SG3GSG

20 YIOLTOSE OKPGKAPKLL
GVEPSRESG NMLTEGOGTKLEIX
SVL2494-1¢ 1)

u ],‘\I'TVJ’]"Q‘\P VTSV HERY f :SCTT ) WY QK

NML

(SEQ ID NO: 142}
YSPISL ‘v’GDRV'i‘IIC ITNTDIDDVIH WYQQUKPGKAPKLLIY EGNTLRE
u\,LSRFSGSuSGTDFWJTI SLOPEDFATYYC LOST 2

-amework adapted VH chains coupled to

=0 ID NO: 483

v_.SC'L‘z’\ D) IRPEQGLEW.

VT

\:\g T LD

SEQ LD NO: 1423
SCKVSAFNIKDDYMEWVOQOAPGKGLEWMGRIDPALIGNTEYAEKEQG

R\"'l.Iﬁ[’ADTS'X‘L]"7\”1‘7\[,3168317 SEDTAVYYCA Y ) QGTLVTIVES

40

o
VOSGARVE

45 TMTE “L’S”‘DTAVVELH

1
)

¢

—
i
i

8
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Table 13.
MFA-variant DRY cgisip | SEQIDNO:
VH HFA [SVH2A94-IGHY1-24*01 9870 STLH19S 144
chains |, ynza94-1GHV1-£401 9871 STLH1S4 143
>VE2494-1GKY1-35*01 012b 9865 STLLISE 142
SVL2494-1GKV3-15%01 L2 9873 STLL278 141
>VL2494-IGKV1-9%01 L8 9874 STLL277 140
VL HFA [>VE2494-1GKVI-5%01 112 9875 5TLL276 139
chains | v 2404-16Kv1-12%01 LS 9876 STLLZTS 138
SVL2494-1GKV1-39%01 012 9877 STLL274 137
>VI2494-1GKY1-27*01 A20 9878 STLL273 136
>VL2494-1GKV1-33%01 018 9879 STLL272 135
Table 14.
VH chains
- PVH2494- >VH2494-
IGHV1-24%01 | IGHV1-f*01
VL chains pRE# pDR4211 pDRS87C pDRY8YL
Parent* pDR4212 1  STLMI26 STLMIL86 STLM136
SYL2494-IGKV1-39%01 O12b | pDROSBES | STLMI127 STLM187 STLM197
SVL2494-IGKV3-15%01 L2 GDR9873 | STLM129 STLMI189 STLM193
>VL2494-1GKV1-9%01 L8 pDROS74 | STLMI30 STLMVIZ90 STLM200
SVLZ434-IGKVI-5*01 L1Z pDRS875 | STLMI3Z STLML91 STLM201
SVL2494-1GKV1-12*01 LS pDRIB7E | STLMIZ2 STLM192 STLM202
SVL2494-1GKV1-39%01 012 GDR9877{  STLMI133 STLMI193 STLMZ03
SVL2494-1GKV1-27%01 A20 pDROS7TE | STLMI124 STLVIL94 STLM204
SVLZ434-1GKV1-33%01 018 pDRS87S | STLMI3S STLML95 STLM205

*Parent = {2494 VH and VL

88
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o

...4
(83}

Frameworks tsed for Human
Framework Adaptation (HFA}

Sequernce SEQIDNO:
Framework V region {| Framework }

origin region origin
g , QV LV OSGAEVKKPGASVKYSCKVSGYTLTELSMHWVRQAPGKGELEWMGGFDPE
1EHY1-24701 iHi 148

DGETIVACKFQGRYTMTEDTSTDTAYIMELSSERSEDTAVYYCATWGOGTLYTVES

[GHY L-EY01 1 EVQILVQSGAEVKKPGATVKISCKVSGYTFTDYYVIHWY QOAPGKGLEWMGLVDRPED 145
e ) GETIYAEKFOQGRVTITADTSTDTAYMELSSLRSEDTAVYYCATWGOGTLVIVSS )

EIVMTQSPATLSVSPGERATLSCRASQSVSSNLAWYOQKPGOA IVGASTRATG!

IRV 3-15%01 L2 @) o , 150
PARFSGEGSGTEFTLTISSLOSEDFAVYYCOOYNNWETEGGGTHLEIK
e » SOLTOSPSELSASY GDRVIITCRASQG! SSYLAWYGOKP GRAPKLLIYAASTLOSGY P
IGKV1-9%C1 L8 K2 151
SRESGSGSGTEFTLTISSLAPEDFATYYCQOLNSYPTFGQGTRLEK
. o SIOMTGSPSTLS ASYGD RV TITCRASOSISSWLAWYO QK POKAPKLLIYDASSLESGY
IGRV 15701 L12 K2 e 152
PSRFSGSGSG LFP*SSLQPuDFATYYCQQYN:vSTFGQEﬁ&LEK
IGKV1-12*01 LS K2 153
. o SIOMTGSPSSLSASYGDRYTITCRASTSISSYLN WY LKP@KAPKLUYAASSLQSGVP
IGKV 1-39%01 012 K2 - > 154
SRFSGSGSGTDFTLTISSLOPEDFATYYCOOSYSTPTFGQGTRLEK

o - DIQMTQSPSSLSASVGDRVTITCRASOGI SN YLAWYQUKPGKV PKLLIYAASTLASGY
IGKV1-27401 520 K2 e AR e 155
PSRFSGSGSETOFTLTISSLAPEDVATYYCQXYNSAPTFGOGTKLEIK

I OMTQEPSSLSASVEDRVTITCQAS QDI SNYLNWYOOKPGRAPKLLIYDASNLETGY
GV 133401 018 e MTAsPS GDRVIITCQASYY QAKFGK 156

vl

PSRFSGSGSGTOFTFTISSLAPEDIATYYCQOYDNLPTFGUGTKLEK

Example 12. Design of alanine and human germline mutants

for paratope scanning

Site-directed mutagenesis was carrled Lo assess tThe

TN = 4 P eI . o) ioqaw 7 TN e " - - v - H IO C ”
characteristics. Based upon the molecular model of CZ24%4 Fv
above a subset 0f sclvent-exposed CDR residues were predicted
to be involved in bkinding antigen. These were mutated to
r

alanine and/or corresponding ‘human-like

the corvesponding residue in the closest matching germline

gene. DI0LaA (Chothia residues), {(D104A in SEC ID NO: 48)
ubstitution in C24%4 VH decreased the kg about 4 fold, frow

1.432107% to 3.2x107°.

Ag the D10laA substituticon cf ko 0f C248%4

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

matation may alsc ilmprove the off-rate in the (2494 H

+- 107 oA AR R + Y wa o
{ 101aA (Chothia numbering) was

4 o (72} . I
variants. .[];LJ.:); [

o]
O
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incorporated in the VH 4 (>VHZA94-1TGHY
ID NO: 143) to generate a VH STLHZ0L (SEQ ID NO:
STLHZ20L was pailred with 7 light chains 3TLLZGO,

-

STLLZ76, STLL275, STLLZ74, STL
5 and Table 14} to generate mAbs
STLMZ29, and S
characterized further. whAbs ST
STLM229%, STLM230, STLMZ31 and
identical LCDR1, LCDRZ, LCDR3,

16 whnen compared to the parent C
HCDR3 (SEQ ID NO: 146, GDFYAM
TLM266 VI STLMZ80 had a
NO: 147
15 STLE201 (SEQ ID NC: 145):
EVQLVQSGAEVEKPGATV CKVSAEFNI

<
-

KIS
YMELSSLR

VTLTADTSTDT

ECDR3 (Cy
2C substitution:
SEQ ID NO: l146:
V1 STLMZ280 *

SEDTAVYYCA

STLM232

thia
4 a unig

STLM2286,

L

LM226, S
HCDR1
antil

a

in

Antibodies obtain from phage
and human framework adaptation campa
characterized in varicus assavs incl

huST2L-ECD, cyneST2L-ECD, a

(&9}

binding to human/mousse

..E $2

o

chimeras

O

me

d

inity

to

Wi

jue

STLL27Z

STL
hich were

STLM227,

ody

ddition,

g
33T

LOSDNLLT

display,

igns

O ,\7/\ (K’

o

ucaliln
~ast

etermine
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; Example 13. Characterization of anti-S8T2L antibodies

hybridoma

g pbinding to
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domain



PCT/US2013/038637

WO 2013/165894

i
—
B
=
4 m
.
+ .
S4 .
2 o M@
oy o5 ] «d
) 2 Bt
S R 78]
- i
N 69} g IS
S Sy x ot @
g o n B
1] ] v - P
wown oYz
Py =
S .
ZN GO
(O =~ wm
[} w0 —
G 9]
O o oo
s =
Chy o ~
n o &
9] “ £ —
s re! ;)\_ (63
o
@ o}
@] 9}
[
1
9] Y
o —
] & ®
&4 v
oo S
) — L2
+ . @
joF ey} £
N
Y .
</ Y .ﬂr,
@ 0 -
bt e
] U1
) ; o
o] ]
AN T
o o} A
- O
o o a
™ ® o -
oo o o
- ) c =
e o @ -t

Te) < e} ) e} )



WO 2013/165894 PCT/US2013/038637

human ST2L affinity cyno ST2L affinity ST2L-ECD
KD KD domain
Kon {M7s ) kerfs™) | (BM) Tk (M7s )] kore(s™) | (PM} | binding
STIMIIO03 | 3878406 | 1.63k-04 41 6428406 | 2.02E-04 31 D1
STIMIO7 | 2.90E407 | 3.418-04 12 1.00E4+08 | 6.508-04 7 D1
STIMI08 | 2298406 | 2.22E-04 97 2058407 | 5.98E-04 29 D1
STIM123 | 1.37E+07 | 2.08E-04 15 1.00E4+08 | 5.19E-04 5 D1
STIMI24 1 1.65E+07 | 7.56E-04 46 8.71E+07 | 2.57E-03 30 D1
STIMZ206 | 6398406 | 1.60k-04 25 G.40E+07 | 5.83E-04 ) D1
STIMZ07 | 8.32E406 | 3.95k-04 48 1.00E4+08 | 2.07E-03 21 D1
STIMZ08 | 5.978406 | 6.76E-05 11 139407 | 7.02E-05 5 D1
STLM209 | 6.59E+06 | 1.70E-04 25 3.39E+07 | 3.11E-04 ] D1
STIMZ2I0 | L.218+07 | 2.278-04 12 S.70E+07 | 5.28E-04 9 D1
STIMZ211} 1.70E+07 | 4.83E-04 28 1.00E+08 | 1.39E-03 14 D1
STIMZ242 | 1248407 | 3.93E-04 32 14328407 | 3.46E-04 24 D1
STIMZ13 | 7.54E406 | 1.08E-04 14 164407 | 1.24E-04 8 D1
STIM214 | 9.16E406 | 2.99E-04 33 7208406 | 2.64E-04 37 D1
STIMZAi5 | 6. 91E4+06 | 1.72E-04 25 3.54E+07 | 3.68E-04 10 01
STIMZ216 | 9.63E+06 | 1.58E-04 16 7.89E+07 | 2.64E-04 3 D1
STIMZ2A7 | 7.278406 | 1.268-04 17 3.818+07 | 1.38E-04 4 D1
STIMZ18 | 9.89E+06 | 2.24E-04 23 1458407 | 2.65E-04 18 D1
STIM21G | 7.54E406 | 2.01E-04 27 1.078407 | 2.30E-04 22 D1
STLMZ20 | 5.80E406 | 8.53E-05 16 1.60E+07 | 1.40E-04 9 01
STLMZ223 1 2.73E+06 | 9.61E-G5 35 G.04E+06 | 1.30E-04 22 D1
STLMZ222 | 8228406 | 3.01E-04 37 118407 | 3.45E-04 29 D1
STLMZ226 ) 2.16E407 | 1.93E-03 a0 1.00E408 | 3.01E-02 301 D1
STLM227 | 2.66E407 | 1.70E-03 o4 1.00k408 | 2.94E-02 2594 D1
STLMZ28 1 2.01E407 | 1.04E-03 52 1.00E+08 | 1.55E-02 155 01
STLMZ22G 1.29E+07 | 4.45E-04 35 1.00E+08 | B.50k-03 &5 D1
STUMZ230 ) 4118407 | 4.268-04 38 5.06E+07 | 7.30E-03 144 D1
STIMZ233 | 1878407 | 9.13k-04 45 B2784+07 | 1.43E-02 172 D1
STLM23Z 1 1788407 | 4.48E-04 25 1.00k408 | 7.97E-03 &0 D1

Affinities of the anti-STZ2L antibodies from the HFA

campalgn in relation to the varent {(STLM62, C2494) are shown

o

-y

in Table 17. The affinities were analyzed by Proteln., The

c¥periments were performed at 25°C using Froteln's PRS-T-E
buffer (PRS, 0.005%P20 and 3 mM EDTA) az running buffer. To

O
N
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93]

verform the experiments GLC sensor c¢hip was prepared by

covalent immobliization of goat anti-mn

- 146 rezponse units (RU} of Mab were captured. Mab capture

was followed by injection of STZL-ECD from 0.024-1%5 nM (5-

disscciation was monitored for 30 minutes for all reaction.

erformed using two 15 sec

pJ
c
©
[
i._.u
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L
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ot
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aneration was

Reg

re]
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glycine pH1 .5, The data was fitted to a 1:1 with base

1C Associaticn rates for the samples are fast, the

caoy g mes Y F .
was used rox

langmuir with mass

of Affinity. All c¢f the

b T n . b e M
tal clone an control Mab.

the ¢

.

dlfference in off rate was the primary contributor to the

15 iower af the HFA variants when compared to the

varent antibody.
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human ST2L affinity cyno 5724 affinity

Sample Kop (M-1s-1} fopr 5-13 Ko {pM} Kon {M-1s-1} Ko {5-1} Ky {pi}
STLIVIB2 * 1.84E+07 1.59E-04 8.67 3.845+07 4.57E-04 1235
STLM1E7 3.37E+07 1.59E-02 473.00 1.00E+08 130801 1300.00
STLM190 LO0E+08 5.34E-02 534.00 1.00E+08 102801 1020.00
STLM1S1 & 4GE+07 2.47E-02 292.00 1.00E+08 6.66E-02 666.00
STLM192 2118407 8 85E-03 420.00 1.00E+08 8.88E-G2 999,00
STLM193 4, 77E+07 1.27E-02 267.00 1.00E+08 8.32E-02 932.00
STLMI1S4 1.00E+08 7.036-02 703.00 1.00E+08 1.50E-01 1900.00
STLMI1SS 2.49E+07 8.73E-03 271.00 1.00E+08 7ASE-02 718.00
STLMIGY 1.83E+07 1.62E-03 88.50 2876407 6.88E-03 232.00
STLMIGY 2.47E+07 B97E-04 41.40 778+ 6.57E-03 84.50
STLM200 2.35E+07 1.43E-03 60.80 8238407 1.10E-32 134.00
STLM201 1.76E+07 8.52E-04 48.40 3.55E+07 4.10E-03 116.00
STLM202 2.24E+07 1.19E-03 52.60 7750407 1.04E-02 134.00
STLM20O3 2.04E4+07 9.67E-04 47.30 5.88E4+07 6.56E-03 111.00
STLMR204 2.97E+07 2.41F-03 81.30 1.00E408 2.056-02 05.00
STLM20OS 1.73E+07 6.956-04 40,10 4 04E+07 4.04E-03 100.00

*STLMG2=C2494, parent antibody

(&)

O
s
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N RLB 20A Cynx:)“ Bass-:);“shﬁ
Qrigin mAb G50, g/miHCED, Lgfml endothelial | cytokine
assay release
STLM103 0.47 1.92 NT +
STLM1G7 (.44 1.10 NT o
STLM108 0.23 2.34 -+ o
STLM118 0.28 6.71 NT +
STLM123 0.28 1.25 NT o
STLM124 0.35 (.87 -+ o
STLMZ208 0.40 0.67 -+ o
STLMZ207 0.38 7,30 NT o
STLMZ08 0.47 4.61 -+ o
STLMZ08 0.32 4.97 -+ o
STLM210 0.30 210 NT i
STLM211 0.28 252 NT i
Phage STLM212 0.33 432 NT +
display | STLM213 0.34 (.49 S -
STLMZ214 0.28 252 NT i
STLM215 0.29 1.30 NT i
STLM216 0.30 1.86 NT i
STLM217 0.49 1.69 NT i
STLM218 0.42 1.43 NT i
STLM218 0.29 3.16 NT i
STLM220 0.39 0.60 NT i
STLMa21 0.39 2.79 NT +
STLM222 0.25 1.82 NT i
STLM226 0.26 0.25 o b
STLM227 0.17 0.23 o b
STLM228 8.26 0.28 o b
STLM229 3.29 0.32 o b
) STLM23G 0.28 0.15 o b
HEA STLM231 0.26 1.10 + +
STLM232 3.31 0.15 b gk
hybridoma | o el 0.7 011 ++ -
2494
++ strong inhibition
+ some inhibition
- no inhibition
NT Mot tested

Tested as a hybridoma
RLB = Receptor-Ligand hinding inhibition

RGA = Reporter gene assay

o
@3]

PCT/US2013/038637
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antibodies were tTested for mast cell responses

inhibition of 3ng/mil IL~13 and

1L~8 release from human cord blocd-derived mast ce
described using 100 ug/ml, 10 ung/mi, 1 ug/ml, 0.1 pg/mi or
0.01 ng/ml antibody in EPMI + 10% FCS. In these assay
conditions, all antibodies tested inhibited IL-33-induc IL-
5, IL-13 and IL-8 c¢ytokine release by about 40%-100% at an

antibody concentration 100 ng/m to a control

-

sample induced with IL-33.

Example 14. Anti-ST2L antibody inhibits downstream signaling

pathways in human basophils

ntiloedi

wWere

inhibit p38 MAPK sigr

in human bascphils.

cod was collected in

brought to room temperature (RT) pricr to initiation of the

assay. 1 mlL of blood was aliguotted into 5

{(CNTC 8837) diluted in PBS was added for a final

antration of 2 ’,f’o aor 201 5 /T Tuhes we awirlied
il Lol O Log A Fa L v Lﬁq/xnu. huoes were swirered

ot

with fluorochrome-labeled antibodies sgainst cell surface
antigens (CDi23-FITC, CRTH2-FCP-CYS.5, and CD45-APC-

tubes were incubated at 37°C for 15 minutes. 1 mL of

culture

vch tube befors [L-33 dilut

culture nwadia was

added £

£ 10 ag/mL. Samples we

incubated at 37°C z 10 minutes prior to the addition o
ks of pre-warmed BD Phosflow Lyse/Fix buffer to sach tube,
in order to simultaneously lyse the red blood cells and fix

the samples. Tubes were mixed well by inverting 10 times and

incubated at 37°C z 10 minutes. Samples were washed with Z0

\ﬂ

’A

mls sterile RT PBES, resuspended in 2 mLs of ix RT BD

3

O
o

¢
C

PCT/US2013/038637
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Perm/Wash Buffer, and incubaited at RT x 30 minutes. Samples

resuspended in 400 ul BD Perm/Wash buffer. Po-

antibody against intracellular p38-MAE

9}

K {vCell Signaling,
Cat. ©9085) was added and samples were incubat

RT, protected from light. Samples were washed once wi
mLs Perm/Wash buffer before being resuspended in 100 pL FACS

puffer and transferred to a 36-we

1
vere analyzed using a BD LSRII Flow Cytometer

Samples w

were ldentified as

CDABTCRTH2CE

b

of 038 MAPRK

ls was assessed for each conditicon. Pre-incubation of

Dasopeni

mAR (STLBZ22) vesulted in a dose-
dependent inhibition of IL-33 induced p38-MAPK
vhosphorviaticn, whereas no effect was seen with isctype
control (CNTO 8537). The anti-human ST2L antibody

spacificallv blocked basophil activation by recombinan human
SPeCliiCally DLloCKed £asophli alilvatlcolnl DY recomlinarn uaman

ot

IL-33 in the context of whele blood., The results suggest

that anti-STZL antibodies inhibit signaling by endogenocus IL-

O
-

PCT/US2013/038637
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Isotype
control

{pg/mL}

iL-33 STLB252

{10 ng/mi) {ug/ml)

% phosphorylated
p38 MAPK

- O

2.2

O

80.6

2

44.4

20

15.7

200

1.2

[ o T I e B B o T B o IS B o

76.7

79

200

77

Example 15, In vivo target engagement by anti-ST2L antibody

Intranasal mIL-33 6 hour in vive model of BAL cell

recruitmant

A single dose of 1.2 ug/mouse mIL-33

F3626-ML/CEY or PR3 was administe
weeks old, Tacenic)y. Rat anti-m
or at 2, 0.2, 0.06, or 0.02 mg/

{R&D svyztems
red to male Balb/c mice (6-8

mIL-33 intranasal administration.
CNTO 5516 was dosed subcutansou
foliowing the mIL-33 {or PBS) administraticn, mice were

sacrificed and blcood was

coliected for

Serun arnaly

Bronchoalveolar lavages (BAL) were performed by injecting two
volumes of 0.7 mi of PB3S/0.1% BRSA into the lungs and
retrieving the =ffluent. The BALs were centri {1200rom,

10 minutes) and the

200ul e85
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for total

{on Wrigh

Measurement of CNTO 3814 in mouse serum

3 MSD SA-STD plates were blocked with 50 pL per well of
assay buffer for 5 minutes. The nlates were Turned over to

well of 1.4 pg/mlL bictinviated recombinant mouse
STZL/ILIR4A/Fe chimera (RgD System) in assay buffer were added

16 and incubated overnight 1n the refrigerator., 150 pL of assay

11l of the pre-c

without r= the coating reagent and incubat

minuvtes. The plates were washed three t 3 with wa

o0 the

N .

the plate washer., 50ul per well of titraticon of ruthenium-
N ey B T et oy e
20 iabeled mouse anti-mouse IgGlb (BD EBiosciences) was added to

sach well of the plate., The plate was incubated for one hour

three times with wash buffer on the vlate washer. 150 plL of

re]

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

[\\
o
=
o
=
=
=1
5
[B]
o)
o
’.J
&3]
“r
D]
l._.
b

ly read on the MSD sector imager 6000 Readsr

Levels.

Whole Blood Assay

Bicod was diluted 1:4 in DMEM media + 1%

30 Penicillintstreptomycin solution +/- 10 ng/ml mouse 1L-33 in
Sarstedt filter tubes. The tubes were incubated at 37°C

overnight, then cytokine and chemockine levels were measured

on the supernatants using the Millipore Milliplex Mouse

O
O



WO 2013/165894 PCT/US2013/038637

s

wm

Cytokine/Chemckine XKit according to manufacturer

Results
5 Anti-ST2L antibody was detectable in the serum of mice

N

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

Intranasal administration of IL-33 induced

recrultment to the alrways at 6h (Figure

16 administration reduced BAL cell recrultment; 0.2 mg/kg was

minimum dose o significant inhibition BAL
cell recrultment {Figure 16B}. Statistical significance was

calcoulated

(Figure 1€C) and MCP-1 {figure 16D}, after Z4h. 1In mice
dosed with 20 mg/kg or 2 mg/kg anti-ST2L maAb CNTO
and MCP-1 levels were reduced compared to CNTCSH5516 (isctypic
control anti-mouse IgGl), implying target engagement. The

20 minimum dose that correlated with inhibition in the whele

blood assay, 2 mg/kg, also inhibited BAL cell rscruitment

Collectively this data confirms that the anti-STZ2L wmdb

reaches site of acticon and the intended

Ny
o

was accomplished {(implies target engagement) .

studies were conduc

Competition binding assays

Competition binding assays were performed to

different kpinding epitope groups for anti-ST2L mabs. 5 ul {10

ug/mly of orotein was coated on MSD HighBind plate
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Discovery, Gailthersburg, MD)
was added to each well and incubated for 2 hr at room

5 temperature. Plates were washed three times with 0.1 M HEPES

iy

butffer, pHE 7. ture of

.
o]
’._A
}..J
@]
=
)]
o
]
ot
=)
{
0]
o
(o3
'..l
o+
‘__l
o]
]
o]
s
4
0]
=
‘__l
bed

the MSD f£iu

i

1C concentrations

in voiume cf 25

nl mixtur

roon temperat 3 times with C.1M HEFPES

plates wers

buffer {(pH 7 MSD Read Buffer T was diluted with

“ ~

15 water (4-fold) and dispensed at a volume of 150 uL/welil and

analyzed with a SECITOR Imager 6000.
Following antibodies were used ition assays:
STZL Pomain I binding neuvtralizing antibodies STLMZOZ,

STLMZ13, C2244 (STLM1S) and C24%4 (STLM62), ST2L Domain III

20 binding antibedy €253, and a non-neutralizing anti-ST2L

antibody C2240 bindi

Domain I human STZL.

on experiments. Based on the

poi-

7B shows the competlt

axperime

c2z44,

C2539,

Ny
o

T
LI

bin

m

n Table 20.

competition data 1s shown 1

(O8]
-]
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(o3



o

Ao

N>

831

WO 2013/165894

Competitor Labeled Antibody

C2240 | C2535 | C2244 | (2484
C2240 + - - -
C2538 - + - -
C2244 - -
2484 - -

STLMZ08 - -

STLM213 - -

e T
SR T I

Epitope mapping: H/D exchangs analysis

Ty BT el T eyt 3 N 1 ag vyl e
For H/D exchange, the procedure used to analyze th

previously {Hamuro, Y., et al., Journal of Biomolecular

e E e J Y TN e -5 o
Technigues, 14:171-182, 2003; Horn, J. R., et ai.,

Biochemistry, 45: B488-8438, 2006) with scome modification

T o

Recombi ST2-ECD {expressed from HEKZO93E with C-terminal

for

atoms. The deuterated 3T2-ECD was captured on a column

containing immobilized anti-ST2L CZ2Z244 Fab molecules and then
washed agqueous buffer. The ba

orotein was eluted from the column
deuterium containing fragments was determined by protease
estion and mass spec analysis.

Figure 18 shows a simplified H/D exchange map c¢f the
ed with C2244 Fab.

ex
2~ECD of SEQ ID NO: 119 (amino acid

residues RCPRQGKESYTVDW,; SEQ ID NO: 210) were protected by
the Fab (corresponding to residues 35-48 of full length STZL

}_‘l
P

PCT/US2013/038637
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ID NO: indicates that C2244 binds to
vltope RCPROI SEQ ID NO: 2103, and that
competing with (2244 (C2494, or STLMZ13}) are likely

to bind the same or overlapping epitope.

Epitope mapping by mutagenaesis

Several STZL mutants were generated having
substitutions to corresponding mouse residues at STZL Domain
I. The tested antikodies do not croas-react with mouse 3STZL,

1C therefore it is expected that STZ2L variants with abolished

and/cr reduced binding

=~
o~
[
P

into

res

methods., Antibodies were

ST2L variants by BLISA or Protecn.

Surface Plasmon Resonancea

Binding studies were performed using the Proteln XPR36
Protein Interaction Array system {(Bic-Rad) (Bravman T, et al.
20 Anal Bicchem 358:281-288, 2006¢). Anti-human/anti-mouse Fo
xture ({(Jackson ImmunoResearch, Cat#, 109-005-068/115-005-

71} was immobllized on the GLC senscr chip by amine-coupline

chemiastry. Individual anti-ST2L mAb was then captured by

flowinc

25 contail ola .
signal in the suriasces reached ~230 resonance units (RU, 1 RU
= 1 pyg protein/mm®} in the anti-Fc-coated surfaces,

confirming that these antibodies specifically

907 rotation of the fiuid system, wild type

(&}

and C.5% Na-decoxycholate) was in-

ASBAYS wWere

- o0 e o T Y T R o N P U B SO -
perfermed at 25°C. The ST2L-DipZ-dependent signals on

cotained by doubls the

encing,

}_n
-
(&8}
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J
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[47]

response observed on surfaces ilmmcbilizing th

jecting the vehiclie alone

{(which allows correction for binding-independent responses).
The resulting sensorgrams were fitted by the simplest 1:1
5 interaction model (Proteln analysis software}, to obtain the

corresponding assocciation and disscciation rate constants {k;

significant reduction of binding affinity implies that the

contribution from this 93NL9%4 site, gols

accordir te fuill 1

20 Example 17. ST2L Domain I binding antibodies inhibit primary
human lung mast cell responses in vitro
Ability of the ST2ZL Domain I binding antibodies to
inhibit lung mast cell responses were assessad by release of

chemokines and c¢vtokines in

N>
831

wn-smoker tisaue obtained from the Internati

i..
C
p
I

h
o]
5
o+
o
o
b
o
<
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5
@
=3
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-5
£
o+
o)
%
—
1=
[p]
O
(‘}

Cells were dispersed from
30 the lung parenchyma and small airways by mincing, washing,

oS Ter

37°C in

ccecllagenase an

ase enzyries., cells were collect (-"i

Te an enrichment procedure using the

COL1L7 Mi

Kit t(human) from MACS Miletnvi Biotec to
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vozitively select the mast cells from the population. Prior
o experimentation, mast cells were cultured for & weeks in
StemPro~34 + 200ng/ml stem cell factor. Two weeks after
isolation, cells were phenctypically characterized using flow
cytometry to determine the percent mast cell puritv. The
cells used in subseguent assavs were €9% double positive for
CD117 (C~kit or stem cell factor receptor) and FciRI (the
high affinity IgE receptor). Furthermore, they were 94.2%
vositive for STZ2L; thereby cc

phenctype.

Cyitokine release assay from primary human lung mast cells

Primary hun that had been cultured in

StemPro-34 + 200ng/ml stem cell factcr for appr:

imately ©

collected, and washed by centrifugat

in RPMI

{10% heat-inactivated KFC3}. Cells were counted and p

RPMI / 10% FCS medium at a density of 65,000 cells in a 96

minutes at 37°C prior to stimulation with IL-33. Cells were
stimulated for 24 hours with 3ng/mi IL-33 in order to

initiate accumulation of various mediators into the culture

supernatant, Culture supernatant was harvested and storsd
frozen until assaying in a custom Milliplex S-plex kit.
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in primary human

at antibody

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

cord bicod-derived mast cells {data not shown).
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We

1)

1

—r

claim:

7 4
An

or

solated human

fragment thereof that

binds Domain I (SEQ ID NO: 2) of

—adapted ant

human 8T
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The iszolated antibody of claim 1, wherein the
antibody blocks IL-33/5T2L interaction.

The isclated antibody of claim 2 having a
dissociaticn constant (Ky) to human ST2L betwesn

5107 M to about 7x107YY M, ar

about

{Kont to human ST2L between about

or an off rate cconstant {

-5

about 1z107° 8™ to about

claim 3 havi

antibody of

dissociation Ma

Tween out 4x:10° M's™t to

abs

const cyno ST2L

to abou

ikbody of claim 4

chain ementarity dete

1¢0

a} a heavy compl

o

{HCDR} 1 (HCDR1}ef SEQ ID NO:

wherein

|.4.: -

2%10°% Mgt to

about 1xi

on rate constant
about

K.

o1 Lo human

1x10
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about 2Zx1U M, an on rate constant (K. to

0% Mt
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romining regio
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o) a HCDR
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Xy
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£) a LCDR
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d) the LCDR
e} the LCDE
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g) the VH cof SEQ ID NO: 191 and the VL of SEQ ID NO:

209,

of claim 5

solated antibody

comprising

the

HCDRY, the HCDRZ, the HCDR3, the LCDE1, the LCDRZ and

7

i

aj) SEQ ID NCs: 78, 81, 34, 87, 20 and 92,

respectively;

b} SEQ ID NOs: 78, 81, 84, 1 90 and 131,
regpectively;

c) SEQ ID NOs: V8, 81, 84, 130, 90 and 132,
respectively;

d) SEQ ID NCs: 78, 81, 34, 120, 90 andg 133,
Ly

e) SEQ ID NCs: 78, 81, 84, 130, 90 and 134,
regpectively;

£) SEQ ID NCs: 95, 109, 84, 130, 920 and 131,
respectively;

g} SEQ ID NCs: 96, 110, 84, 130, 90 and 131
respectively;

hy SEQ ID NCs: 97, 111, 84, 130, 90 and 131
respectively;

i) SEQ ID NCs: 96, 110, 84, 130, 20 and 134

. 111, 84, 130, 90 and 134
respectively;

kY SEQ ID Nos: 97, 112, 84, 130, 90 and 134
respectively;

1} SEQ ID NCs: 98, 113, 84, 130, 20 and 134
respectively;
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b} SEQ ID NOs: 87, 114, 1&5, 130, %0 and 134,
respectively:;

cC) SEQ ID NCs: 97, 114, 1le6, 130, 90 and 134,
respectivealy;

da) SEQ ID NOCs: 97, 114, 167, 130, 90 and 134,

,
i
o

—
1051
i3

K
i
t:/
e

>

]
[So)
~

-
3

114, 1 30, 90 and 134,

N
@D
~
[

2

£ SEQ ID NOs: 97, 114, 1e9, 130, 90 and 134,

gg} SEQ ID WOs: 97, 114, 170, 130, 90 and 134,
respectively;

hii} SEQ ID NQs:»
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H
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}_‘n
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}...\
W
()
-~
W
O

and 134,

97, 114, 172, 120, 90 and

2
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ooy
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.,
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~

33} SEQ ID WNOs: 87, 114, 173, 130, 90 and 134,
respectively;
kk) SEQ ID NOs: 97, 114, 174, 130, 90 and 134,
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nn} SEQ ID NCs: 27, 114, 177,
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00} SEQ ID NCs: 97, 114, 178, 1320, 90 and 134,

ke
ie
—
[op
=
| @)
—
J
s
O
0]
<o}
=
ot
T
N
N
A
~J
e}
N
-3
{a
<
-
XS]
(-
03]
jm}
O
—
LA
P
y

I H. S A
respectlivelyy



WO 2013/165894

PCT/US2013/038637

ga) SEQ ID NOs: 87, 114, 180, 130, 90 and 134,
respectively:;

1) SEQ ID NOs: 27, 114, 181, 1320, 90 and 134,
respectively;

s58) SEQ ID NOCs: 97, 114, 182, 130, 90 and 134,
respectively;

Tt} SEQ ID NOs: 87, 114, 183, 130, %0 and 134,
respectively:;

1) SEQ ID NoOs: 27, 114, 184, 120, 90 and 134,
respectively; or

V) SEQ ID NCs: 97, 114, 185, 130, 90 and 134,
respectively.,
3) The isolated antibody of claim 4, comprising the
HCDR1L, the LCDR1, the
the LCDRZ of:
ay 8EQ ID NCs: 23, 27, 31, 35, 39 and 43,
respectively;

b} SEQ ID NGs: 24, 28, 32, 36, 40 and 44,
respectively;

c) SEQ ID NOs: 24, 28, 146, 40 and 147,
respectively; or

d)y SEQ ID NCs: 24, 28, 1l4b, 36, 40 and 44,
respectively.

9) The izolated antibody of claim 2, where he
antibody competes for binding to human STZL (3EQ ID
NO: 1) with an isclated antibody comprising a heavy
chaln variable region (VH) of SEQ ID NO: 47 and a
light chain variable region (VL) of SEQ ID NC: 51.

103 The isclated antibody of claim 9, herein the
antibody binds human STZ2L a3t amino acld residues 35-
48 of ID NO: 1 (RCPRQGKPSYTVDW; 3SEQ ID NC: 210}.
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11}  The isclated antibody of claim 10, wherein the
oo

antibody further binds human STZL at amino acid

¥94 of SEQ ID NO: 1.

12y The isclated antibody of c¢laim 1, comprising a

=avy chaln variable region (VH) comprising a VEHE

=y
]

framework derived from human IGHV3-232 (SEQ ID NO:

L

ATy

158}, IGHV1-24*01 (SEQ ID NO: 148) or IGHVI-£*01 (SEQ
ID NO: 149) framework seguences, and a light chain
variable region (VL} comprising a VL framework
derived from a human IGEKV3-11 (L6} (SEQ IDh NO: 159},
TGEV3-15*%01 (L2} {(SEQ ID NC: 150}, IGKRVI-9*{(1 (L&)

), IGRKV1-5*01 (L12) (SEQ ID NO: 152),

[

{(SEQ ID NO: 15

-12*01 (L5)
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13) The isolated antibody of c¢laim 1 which is of IgGl,
IgG2, I9gG3, or IgiG4 type.

14} The isclated antibody of claim 13 having a
substitution in an Fo region.
15} The isolated antibody of claim 14, wherein the

substitution comprises a substitution

M252Y/5254T/T256

]

( ()
(@]
O
=
e
o
)
W
(]
w
e
e
W
(O8]
P..)
w
e}
]

VZ234R/G23TA/P23BS/H2BR/V

o,
D
o3
2
a
D
-
o3
5
w

P23 \ /L2354, wherein resi

according to the EU numbering,

16} The isolated antibody of claim 12 compr
VH at least 20% identical to the VH of SEQ ID NO: 191

identical to the VL of SEQ

and the VL at least

ID NO: 209,

T
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207, 208 or 209.

18} The isolated antibody of claim 17, comprising the
VH and the VL of:
a}) SEQ ID NO: 186 and SEQ ID NO: 206, respectively;
) SEQ ID NO: 187 and SEQ ID NO: 206, respectively;
¢} SEQ ID NO: 197 and SEQ ID NO: 206, respectively:;

d} SEQ ID NC: 198 and SEQ ID NO: 206, respectively:

e} SEQ ID NC: 199 and SEQ ID NO: 206, respectively:

5

£} SEC ID NO: Z0

(el
<

NO: 206, respectively;

]
oS
—
o3}
]
&)

g} SEQ ID NCO: 201 SEQ ID NO: 206, respectively:

h} SEQ ID NO: Z¢ d SEQ ID NO: 206, respectively:

O
A
Qu
o
-
C
L

1) SEQ ID NO: 203 and SEQ ID NO: 206, respectively;

J) SEQ ID NC: 204 and SEQ ID NO: 206, respectively:
k) SEQ ID NC: 205 and SEQ ID NO: 206, respectively;
1} SEQ ID NC: 195 and SEQ ID NO: 207, respectively;
m) SEQ ID NC: 196 and SEQ ID NO: 207, regpectively:
n)y SEQ ID NC: 188 and SEQ ID NO: 208, respectively:

o} SEQ ID NO: 1892 and SEQ ID WO: 208,

K

8
ey SEQ ID NC: 190 and SEQ ID NO: 208,
ot

g} SEQ ID NC: 187 and SEQ ID NO: 209,

r) SEQ ID NOC: 191 and SEQ ID NO: 209,
g1 SEQ ID NC: 192 and SEQ ID NO: 208, respectively;

T} BEQ ID NC: 193 and SEQ ID NO: 209, respectively;

u} SEQ ID NO: 194 and SEQ ID NO: 2092, respectively.

FJ
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[ 9]
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192} An isolated poiynucleotide encoding the VH of SEQ
ID NOs: 143, 144, 145, 18¢, 187, 197, 198, 1998, Z0G,
201, 202, 203, 204 or 205, or the VL of SEQ ID NO=z:
135, 1i3e, 137, 138, 13%, 140, 141, 142, 206, 207, 208
or 206,

20} A wvector comprising an iszolated polynuclectide of

aim 19,
21}y A host cell comprising a vector of claim 20.
22} A method of producing an antibody of claim 18,
omprising culturing a host cell of claim 21 and
recovering the antibody from the cell,

23}y A pharmaceutical composition comprising an

isclated antibody of claim 1 or claim & and a
pharmaceutically accepted carrier.

e
A method ngG

or

preve

B
8
RERSS

=t -mediated

condition comprising administering a therapeutically
effective amount of an isclated antibody of claim
cr ¢lalm 6 to a patient in need thereof for a time
sufficient to treat or prevent the S$TZ2L-mediated

The method

the STZL-mediated

;W
conditicon 1s asthma, airway hyper-reactivity,
sarcoidosis, chronic obstructive pulmonary disease
(COPD), ididicpathic pulmenary fibrosis (IPF),
fikbresis, inflammatory bowel disease, {(IBD),
eosinophilic esophagitis, sclercderma, atopic

dermatitis, allerqgili

1T1s8,

bullous pemphigoid
in - pus 4

nephropathy, rheumatold

arthritis, interstitial cystitis or Graft Versus Host
Diseazse {(GVHD), or is is assocociated with inflammatory
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cell recrultment

increased mucous

26) d of in

A metho

patient ¢

nt compris
eff

ective amount

-

patient

ing

~
—~F

Ll

an

the

isclated antibody

STen
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in lung, geblet cell

secretion or mast cell response,

hibiting mast cell response in a
administering a therapeutically

o a in need r for a ti sufficient to

inhibit the mast cell response,.

27y  The method of claim 26, wherein the inhibiting
mast el respenge comprises inhibiting the level of
CM-CSF, IL-5, I1-8, 1L-10 or IL-13 released by human
cord blood-derived mast cells by at least 50% with 50
no/ml antibody.

28y A method of inhibiting interaction of IL-32 and
ST2L in a subject, comprising administering to the
subject an antibody that specifically binds domain I
of $T2L in an amount sufficient to inhibit the
interaction of IL-33 and STZ2L.

The method of

STZL-mediated con

The method of

condition is asth
sarcoidoesis, chro

o~

COPD),
fibrosgis, inflamm
2osinophilic
dermatitis,

cnronic

O
urvica

arthritis, int
Disease (GVHD), o
cell recruitment

claim

ditic

ma,

-~
A

in

.
R,
wine

aitrway

goblet

sub’ect has a

rein the ST2L-mediated

hyper-reactivity,

P

o~

ive ©

¢ pulnmonary fibrosi
atory bowel disease, (IBD),
hagitis, scleroderma, atopic
‘gic rhinitis, bullous pemphigoid
rropathy, rheumatolid
or Graft Versus Host

lung, ¢ cell hyperplasia, oz
s " ) “— = e et g
secretion, or mast cell response,
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Figure 13B.
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Figure 16A
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Figure 16B.

Total Cells (x10°/BAL)

28/38

*%
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PBS

PBS +I1L-33

B 2mglkg CNTOS516 +iL-33

R 0.02mg/kg CNTQO3814 + 1L-33
m 0.06mg/kg CNTQO3814 + 1L-33
Lai 0.2mglkg CNTO3814 + 1L-33

@ 2mgfkg CNTO3814 + 1L-33

Statistical significance using One way ANOVA

*=p<(.05; Y=p<d.01 and ™ =p<0.001
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Figure 16C.
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Figure 16D.

MCP-1

Concentration

mADb Significance is compared o isolype control at same concendration
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Figure 178.
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Figure 204,

Primary Human Lung Mast Cells
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Figure 20B.

Primary Human Lung Mast Celis
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Figure 20C.
Primary Human Lung Mast Cells
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Figure 20D,

Primary Human Lung Mast Cells
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