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ST2L antagonists and methods of use
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Field of the Invention

The

L, antagonists,
15 volvnucleotides encoding the antagonists or fragments

thereof, and methods of making and using the foregoing.
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20 family member expressed on the cell surface of a wide variety

of immune cells in

@]

luding T cell, NK/NKT cells, basophils,

i1s, mast cells and the newly-described non—3/non-T

cells. ST2L expression 1s also inducible on dendritic cells
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induoce type 2 cyhbcokine release via

~33 and association with accessory

(&%)
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and endothelial cells during homecstasis, but can be cleaved

ed during necro

STZ20 signaling regulres asscoclation of the accessory
oroteln LL-1RACP to preformed ST2L/1L-33 complex. The
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accessory protein IL-1RAc? is shared with the IL-1o/3

e
STZL/

factor {SCF). IL-33 induced cytcokine production in primary

mast cells in an SCF-dependent manner {(Drube et al,, Blood

Activation of STZ2L leas

reapenses {especially IL-5 and IL-13), mast cell and

nophil acti r-reactivity,

also been reported to ampliify Thl and Thl7 responses through
induction of IFNy frox

cells. Dysregulation

implicated in & varie

including asthma, rheunatoid arthritis, inflamuatory bowel
5 L4 ¥ 4

disease, atcpic

pelyeosis, and systemic sclerosis (reviewsd by Palmer and

heumatol 7:321-9, 2011 and Licvd, Curr Cpin

[P N+
Gebay, Nat Rev RI

Immunol 22:800-6, 2010; Shimizu et al., Hum Mclec Gen

Thus, there is a need for ST2L antagonists that are

suitable for use in the trestment of ST2L mediated diseases

and disorders.

Brief Description of the Drawings

Figure 1 shows inhibition of airway hyper-

responsiveness by STZL0 Domain I binding mAlk CNTO3814 in &

model of lung inflammation induced by intranasally

administered 1L-33 when compared to the isotvpe control

N
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CNTOS516. Peak alrway resistance was measured upon

administered IL-33 when compared to the

16 CNTOS5516,  ***p<{,001.

Figure 3 shows dose-dependent inhibition of release of

&

mouse Mast Cell Protease 1 (MMCP-1) by 3T2L Domain I

P
P
o
—
prd
r3
b
)
\&
I

in cell free BAL fluild in a model of

inflammation induced by intranasally administeresd

1% *rp< .01, *ro<(.00L, vs. CNY

516 {isotvope <

Figure 4 shows inhibition of IL-33-induced GM-CSE

(Figure 4A4), IL-5 ({(Figure 4B}, and TNFx (Figure 4C} release
by STZL Domain I binding mib CNT0O3914 by mouse bhone marrow-
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used are shown as ug/m
varenthesis.
Figure 5 shows inhibition of IL-33-induced

orostaglandin D2 {PGD;) release by human cord blood-derived

25 maat cells by ST2Z2L Domain I binding mab C2494 {(STLMGZ) at
IL-33 and C2494 . MOX~PDGs:

methexylsamine-2PGD;.
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Figure 6 shows inhibit of GM-CSF (Figurue 6AY, IL-8

(Figure oB), IL-5 (Figure 6C), IL-13 (Figure 6D} and IL-10

h)
-]

{(Figure 6E) release by Ilndicated concentrations (ug/mi} of

T2

2L Pomain I binding maAbs C2244 and CZ2494 in human cord
e
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blood derived mast e EMCs) in the presence of 1 ng/ml

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

marked as HFA, “human framework adaptation”). Kabat CDRs are

underlined and Chothia #HVs indicated in dashed lines above
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. CZ2494

VH: SEQ ID NO: 48; C24%4 VH: SEQ ID NG: 32,

]
Rv}

Figure 15 shows CI framework

adapted (HFA} antibodies derived from C2494.

of
16 CNTO3914 B) inhibition of broncho

recrulitment €} inhibiticon of IL-¢

by whole blcood

IL-33 by CNTC3914 24

.

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

~

N 1
X*p\'\«~ Jly

one data point is below the limit of detection.

Figure 17. Competition between various anti-ST2L
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0 nM labeled C2494 was competed
for binding to ST2L-ECD coated on microwells. ©C2494 competed

with STLIMZ08 and STLMZ13 but not with C2539

25 Figure 18 shows a simplified H/D exchange map of the

0

human ST2-ECD {(SEQ ID NC: 119) complexed with C2244

regiconsg protascted by the antibody were displaved in

Lcated. Segments encompassing

31 (boxed in dashed line) {(corresponding to residues 35-48 of

N

of SEQ ID NO: 1) were protected by the Fab.
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kegicon encompassing residues 71-100 {(bozed in =zolid line}

{corresponding to residues 88-117 of ZEQ ID NO: 1) were

heavily glvcosylated and not covered by peptides.
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Figure 19 shows kinetic and affinity constants for ST2L

1

Domain I binding antibody for ST2L veariants as indicated in

rh

the figure.

Figure 20 shows inhibition of Ay GM~CSE; B} IL-5;: C)

5 IL-8; D) IL-13 secretion from primary human lung mast ce
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Summary of the invention

The invention provides an isclated human or human—
10 adapted antibody antagonist or fragment therecf that

specifically binds Domain I (SEQ ID NC: 9y of human
» ) 3 N4 ;

The inverntion also provides human-adapted antibody

5
1
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v binding human STZL having

specifical
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15 certain light chain and heavy chain variable region
sequences, or certain heavy chain and light chain
complementarity determining segquences.

The invention alsc provides human ¢r human-adapted
antibody antagonists specifically biding human STLZL 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

of the invention.

N2
&2
C

The invention also provides a vector comprising an
isclated polynucieotide of the invention.

5
3

The invention also provides a host cell comprising

a vector of the inventiol

The invention alsc provides a method of producing

(&}

[

5
1
L

antibody of the invention, comprising culturing a

o5
3
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heost cell of the invention and recovering the antibody

h
[

rom the cell.
The invention also provides a pharmaceutical
compesition comprising an iscolated antibody of the

-

invention and a pharmaceutically accepted carrier.

[anl

The invention also provides a method of treating
or preventing a ST2L-mediated condition comprising
administering a therapeutically effective amount <f an
lsolated antibody of the inventlion to a patient in need
thereof for a time sufficient to treat or prevent the
ST2L-mediated conditiocon

The invention alsce provides a methed of inhibiting
mast cell response in a patient comprising
administering a therapeutically effective amount of an
lsolated antibody of the inventlion to a patient in need

to inhibit the mast cell

The invention alsce provides a methed of inhibiting

o

interaction ¢f IL-33 and STZL in a subject, comprising

administering to the subject an antibody that
specificaily binds domain I of 3TZ2L in an amount

sufficient te inhibkit the interaction of IL-33 and

not limited to patents

specificatlion are

hough fully set forth.

he terminology used herein

,1_

is for the purpose of describing particular embodiments only

h

ined

and is not intended to be limiting. Unless de

PCT/US2013/038637
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have the same meaning as commonly understood by one of

any methods and materials similar or
5 equivalent to those described herein can be used in the
practice for testing of the present invention, exemplary

materials and methods are described herein, n describine
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oligonucleotides and small cules. Antagonists can

ciclogical activ

owW. ST2L antagonists may inhibilt measured STZL

cn’)

~d
{n
a0

et vy s : ) ~“Ne AQ e A ono ~
ctivity by 20%, 30%, 40%, 50%, 60%, 15

ane O ro O oo v 7o ; o L Lo
OQ‘E,— 85’0, 2U%, 35’0; 5)\(."'0, °7%, 38’0, 59% or 100%.

The term “3ITIZLY or “hulST2L” or “human ST2LY refers to a

>
o
a—
o
=
Q&
S
(9]
3
k\
¢
&
}...A

voeptide having an amino acid sequence shown 1in

GenBank Acc, No. NP 057316. SEQ ID NC: 1 shows the amino
acid segquence of the full length human ST2L. “STZL

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

herein means a

having amino zscids 18-328 of SEQ

[\\
o
-
|
22
B
s

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

L, SEQ ID NO: ©

123-202 {(Domain L1, SEQ ID NO: 10), and residues

crilaln

(L

“ST2L Domain 17 or YhuST2L Domain 17 or “D17 refers to the

(O8]
-]

first immuncglooulin-like domain on human STZ2L having the

sequence shown in SEQ ID NO: 9. “Domain 1117 or ™ST2L Domain

J-2-

II1" refers to the third immunoglobulin-like domain on human

y

STZI

aving the seguence shown in SEQ ID NO: 11.
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5 and GenBank Acce. No. NP

inciude a “mature IL-33

(/)

NC: 3. Additicnal active

having residues 11-270, 1

of BEQ ID NC: 3 (LeFrancai

1C 109:1673-8, 2012}, or any form or combinstion of forms

Santatad e T1a om . Tl sy meryro ey o T — : WTT L2
izolated from cells endogenously expressing IL-33. IL-33

active form” iz a fragment or a variant of I1L-33 of SEQ ID
NO: 3 uces ST2L biologlcal activity.

“antibodies” as used herein 1s meant in a

et

ludes immunoglobulin molecules including
vclyclonal antibedies, monoclonal antiboedies including
murine, human, human-—adapted, humanized and chimeric
monoclonal antibodies,;, antibody fragments, bispecific or
multispecific antibodies formed from at least two intact
antibodies or antiboedy fragments, dimeric, tetrameric or

multimeric antibodies, and single chain tibocdies

namely IghA, IgD, Igk, IgG and Ig on the heavy
constant main amino acid ssquence. IgA and IgG are
5 further sub-classified as the isctypes IgA, Igid,, 1gGy, L1gG:,

IgGy; and LgGs. of any vertebrate

specles can be asszlgned to one of two clearly distinct tyvpes,

5

namely k

sequences of
The term “antibeody fragments” refers to a portion of an
immunoglobulin molecule that retains the heavy chain and/or
the light chain antigen binding site, such as a heavy chain
complementarity determining regions (HCDR) 1, Z and 3, &

light

complementarity

9
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and 3, a heavy <
variable region

16 antigen binding
bedy; describ
WCOB/44001, Int.

Complenentarity
(HCDR1, HCDHZ, EH

20 Exp Med 132:211-
of Immunological
Naticnal Institu

E2, H3}) and three 1
25  regions of an ant
in
(Chothia and Lesk,
“IMGT-CDRs”
2003) and
30 (SDRU} {Almagro, Mo

Iinternational
N N B R T +
(httpo://www 1mgt

of an

hain
(VL) .

PCT/US2013/038637

variable reglon {(VH), or a light chair
Antibody fragments include well known

and s as 353
consisting one VH domain. VH and VL domains
synthetic linker to form various
designs where the VH/VL
or intermolecularly in those
VL domains are expressed Dy separate
censtructs, to form a meonovalent
site, such as single chaln Fv {sCFV} or
ed for example in Int. . Publ. No.
Fat. Publ. No. WCE8/01649; Int. Pat. Publ.
Publ., No. W0%2/01047
region consists of a “framework”
three “antigen binding . The
are defined using various terms: {1}
Determining Regionsg {CDRs), three in tThe Vi
CDR3), and three in the VL {(LCDR1, LCDRZ,
ed on sequence variabllity (Wu and Kabat, J
50, 1370; bat et al., Segquences of Proteins

structur

or

tig

Mo

\
g

1

Biol

Specit:
Recogn

provides

2n-pindi

InMuncGeneTlics

nor
ng
pe}

th Ed. Public Health Ssrvice,
Bethesda, Md., 1891}. (11}

R”, or “HV”, three in the VH ({H1,
(L1, Lz, L3), refer to the

=

are

Choth

1la =&

fined by

196:901-17, 1987). Other terms
et al., Dev Comparat Immuncl
city Determining Residue Usage”

a standardized numbering and
sites. The correspondence

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

A\

Framework” or

sequences of a variab
antigen binding site., Because the antigen binding site can

ribed above, the exact

0]
(.u

) 3 i 3 4 ¢ ey e 7 P N cray € . )
e defined by various terms as de

16

Human antibody” or “fully human

region

region

devived from human immunoglobulin sequences. Human

)
o)
-~
=t
o
o
J
(D
[9)]

1% antibodies of the invention may incliude substitutions so that
they may not be exact copies of exoressed human

ine gene sequences. However,
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e
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antibodies in which antigen binding sites are derived from &

non-human specles are not included in the definition of

>
fo]

5, - " SN 3 7.
“human antibody”.

“Human-adaphted” antibodies or “human framework adapted

also refers to antibodies in which antigen-binding site

red from non-human speclies are grafted onto

[\\
o
( 3]

o
L

o

o

]

{2

o)

0w

(o8
[0

[t

’.J

@

: R e S 5 § ~ PN T -
lies refaers to antibodies wherein the

non-hu

antigen bindi

the variable

h)
-]

ntibodies may include

rmmunoglobul

substitutions in the £ ork regicons so that the framework

germline gene sequences.
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The term “substantially identical” as used herein means

two antibody variable region aminc acilid seqguences
being compared are identical or have “insubstantial

differences”. Insubstantial differences are substitutions of

5 i, 2, 3, 4, 5, ¢, 7, 8, 9, 10, or 11 aminoc acids in an
antibody or antibody wvariable region sequence that do not

adversely aifect antibody properties, aAmingo acid seguences
region seguences
the apolication., In

1C can be about 90%,

example by palrwise

alignment using the it gettings of the Allgn¥ module of

vector

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

o

sequence

to perform & search against public or patent

Lo, for example, 1ldentify related seguences.

Exemplary programs used to perform such searches are the

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

>
o2
¢
=)

™ e “ et T Ty ey v enia N i Q111 IR
GenomeQuest {GenomeQuest, Westborough, MA}) suite using

herelin means a ’OOI 2o of an

specifically binds.

Ny
(O3}
o]
S
l_‘
&)
S
by

groupings of mol

i__:
(6]
P
’.J
(6]
4]
[9)]
put
¢
@]
e
)
o
[93]

well as sopecific

ics. An epitops

compesed of contiguous and/or discontiguous amino acids that

h)
-]

form a2 conformaticnal spatial unit. For a discontiguous

epitops, amino acilds from differing porticns of

b A

segquence of the antigen come in close proximity in 3-

A men et el o - e Foalddn N yrevE A
glmensicnasr soace f“f\‘lq the foldi g O Tine proutel

b
[N
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an

ratope

1C amino

varatope

) W N )
specific bind

used ra to antibody
15 antigen with greater affinity
proteins, Fyvplcally

antigen with a

for example 1x107 M or less,

ess, 1x10™ ™ or less,

ont

>
fo]

Lo
a non-specific antigen {e.g.,
specified polypeptide). The 4

Y
o

N N IR
rascrculLaris

(&%)
o

acid resid

than

tibody binds te a
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o)
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cmaln I of huST2L shown

hereln means a portion of
specifically binds. A

N

et

non—~contiguous amino

weern

cther ant

of 1x1077 ™ or

ith a

oY any

constant can be

ref

distin
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that binds one antigen or one eopitope.

ALY

The tern in combina

described agents can be administered to an animal

,_
o
v
s
-+
o
)

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
stimuli, such as pathogens, damac cells, physical in
£ ) 14 ] 14 7

irritants, that are medisted in part by the activity of

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

macrophages) and is

neutrophils, menocytes,

characterized in most instances by pain, redness, swelling,

and impalrment of

L-mediated inflammatory conditicn” as

15 here an inflammatoryv condit resulting at least
vartially from inapopropriate activation of ST2L signaling

vathway. Ezemplary 3TZ2L-mediated inflammatory conditicns are
asthma and allergies.

The term “3ITZL-medisted condition” as used herein

>
fo]

encompasses all diseases and medical conditions in which ST2L
vlays a role, whether directly or indirvectly, in the disease
development,

or medical condition

progress, versistence or pathology ¢f the disesse or

0]
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- : b ey Y PR - I -~ y
activity” as used herein

Coourrin as a result

ST2L biological activity

(&}

xemplary STZL bioclogical

of Th2 cells, or secreti

and chemokines, for example IL-5, GM-

CS8y¥, IL-8, or IL~13. The e of cytokines and
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or in circulation can be

mnoassays, such as an

immunoassay.

The term “vector” means a polynucleotide capable of
5 being duplicated within a biological system or that can be

polyvadenylation signal or se
facilitat
1C polyvnuclectides i: ic

biliolog:
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The term “expreszion vechtor” means a vector that can be
utilized in a biclogical system or in a reconstituted
biclogical system to direct the translation of a polypeptide

encoded by a peolynucleotide seguence present in the

>
fo]

expression vector
The term “polynuclieotide” means a wmolecule comprising a

-

chain of nuclectides covalently linked by a

backbone or other eguivalent covalent chemistry. Double and

-

polynuclectides.

Y
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The term

a molecule

hat comprises at least two amlno acld residues linked by a

+
[

polypep

as “peptides”.
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Arginine

Asparagine 881
Azpartate asp
Cystelne cvs
Glutamate glu
Glutamine gin
Glycine gly
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phe E

Tro P

sar 5
Threonine thr i
Tryptophan tre W
Tyrosine Ly Y

val v
Compositions of matter

The invention provides antibodies specifically binding

ST2L and inhibiting STZL bioclogical activity, and uses of
such antibedies. The inventors have made a surprising
finding that antibodies binding to Domain I of human ST2L
(SEQ ID NO: 9) block IL~33/S72L interaction and inhibit a
spectrum of STZL biological activities including 1L-33-

duced mast

168

Dewmain 111 of human STZ2L (SEQ ID NO: 11) dc not block IL-
33/8T2L interacticn although they ave inhibiltory in a
spectrum of 8124 bilological activities. Deomain ILI binding
antibodies however have reduced or no inhibitory effect on,
or 1n some cases stimuiate ILL-33-induced mast cell resoponses.
In some emboediments described herein, the antibodies
that block IL-33/8T2L interaction and inhibkit a spectrum cf

o

STZL

biclogical activities including IL-33-induced

masT
responses bind an epitope within human ST2L Domain I,
(RCERQGKPSYTVDW,; SEQ ID NO: 210}, and cptionally ST2L amino
aclid residues T23 and F84 {residue mbering according to SEQ
ID NC: 1b.
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refers to the 1L-33-induced relesase of cvtokines

such as prostagiandin D, from mast cells.

wvel antigen-binding sites

r..
o
,__u
s}
<
[0}
s}
purt
,__u -
o]
s
i
<
<
’._I
(D
1G]
-

’D

uman STZL as described here

th
vy

Dinding Domain L ©

structure for carrying an antigen-binding
an antibody VH or VL,

The antibedies of the invention ss described hersin can

that specifically bindzs Demain I (SEQ 1D NO:

9y of human ST2L. An exemplary antibody bhinding Domain I of
hum STZ2L 9 STLMLE (CZ2244)

conprising HCDRL, HCDRZ and HCDR3 seguences of SEQ ID NOs:

LCDRZ

235

sequences of SEQ ID NCs: 35, 39 and 43, respective

antibody CZ2494 (STLM6Z) comprising HCDRL, HCDRZ and HCDRZ

sagquences of SEQ ID NOs: 24, 28 and 32, respectively, and

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

44, respectively (Table 3} . Additional exemplary antibodies
binding Domain I of human STZ2L are antibodies shown in Table

-

For example antibodies STLM103, STILM107,

[y
o
s
jo
|
i,_.
(J
-
&
-

STLM108, STLM123, STLMiZ24, STLM203, STLM2ZO9, STLMZ210,
STLM211, STIM21Z, and STLM213. Exemplary human antibody

antagonists are shown in Figure 12 and Figure 13. Exemplary

human-a shown in ble 14.

In some embodiments o

...
®
OJ

scribed herein, the isolated

antagonist or

human ox

thereof that specifically binds Domain I {3EQ 1D NO: 9) of
human S$T2L bilocks LL-33/8T2L interaction.

Arntibodies can be tested for theilr asbility to block IL-
33/8T2L interaction by standard ELISA. For example, plates

ire coated with extracellular domain of human ST2L (huSTZL-

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

’.—‘A
-

PCT/US2013/038637



WO 2013/165894 PCT/US2013/038637

.-33 onto the plates is measured. Antibodies

~33/87T2L interaction” or “inhibit IL-33/3712L
interaction”

huST2ZL-ECD co

4 r
o sina. o Nagel - E o <] [e =N oo oo ; Q. Gam7a o ' s} .
50%, DUTB 'Qo,r 10%, %, 05‘0; 20z, 20%, 3‘,)0; 897%, 90’0, 99% or
{ <. 4= =0 - . - S p -

100% at 50 ug/ml antibody concentration when Lo

pinding of IL-33 in the absence

Antibodies can be tested for their inhibition of mas

s

16 by assessing their on for
e GM-CSYE, 10 or i3 release by human <o

blood-derived wast cells or primary human lung mast

using ard methods methods

Antibe

as desc

“inhibit

, 95%, 86%, 97%, 98%, 99% or 100% at a
concentration of 10 ug/ml when compared to mast cells not
20 treated by the antibody. Typically mast cells may ke derived
from human cord vlood or lung parenchyma and small airwavs

CD34" progenitors by well known methods and as exemplified

the measure

of % inhibition for an antibody and therefore culture andg

Y
o

mulated daily with 10 ng/ml

iL=4, 10 ng/ml IL-6 and 100 ng/ml SCF. For the cytckine

h)
-]

release assay, mast cells can be

StemPro-34 media or RPMI containing

of the inventicn as described herein

18
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inhibi

..

and STLMZ208

cell responses arxr

e

Antibody CNT0O3%914 binds

PCT/US2013/038637

cikbodies STLMGZ
mouse ST Domain I

without cross-—reactivity to human S$T2L and inhibits mast cell
responses in mouse cellis.

Those sk 1 in the art will asppreciate that mast
cell responses also include release of IL~-1 and IL-32, and
chemokines such as CCL1, CCL4, CCLS, CCL18 and CCLZ3 as well
as allergic mediators 1ch as cysteinyl leukotrienss,
histamine, as well as a variety of mast cell proteases
including tryptase, chymase, carpboxypeptidass,

G. Antibodies described he
tested for theilr these additional mast

on vind

Domzsin I of

Antibc

ing f 3721 and blockir
interaction as described herein can be expe to
these additional mast ¢ell responses at least 40%, 50%, €0%,
70%, 75%, 80%, 85%, 920%, 05%, 9¢%, %97%, 98%, 9Y9%% or more when
tested at a minimum concentration of 10 ug/ml under these
conditions.

The antibodies of the invention as described
herein bind human STZL with a dissociation constant (¥p)
between about 5x107% M to about 7x107Y M, an on rate
constant (K.y) to human ST2L between about 2x10° Mis™ to
about 1x%10° M Ps™, or an off rate constant {(K.es) to
human ST2L between about 12107°% 7% to about ix107%z7 .

abo Ix10

. P
about 5x10
P o e S 12
about 5x10

The antir

herein may c

A LN e o) T -190 T o 4oy

M, less than about 1x10 M, less than
M, less than about 1x=10™Y M or less than
M

bodies of the invention as described
rogsa-react with Macaca fascicularis {(cyno)

O



WO 2013/165894 PCT/US2013/038637

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

between about 3x107" M to

07 M. a rat tant (Kon) /
<1 { M, an on rate constant (K.,n} to cvn

\

. a6 ol - W A B -l -
between about 4x10° Ms™ to about 1x10° M ls

5 rate constant (K.ee) To cyno ST2L between about 7x10 "s
to about 1x107's™". For example, the antibodies of the

invention as described herein bind oyno ST2L with a Kp

-

~ 5 P | e . ; e
of leszs than akbout 2x107 M, less than about 1x10 M,

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

a9
L

10 less than about 3x10 M.

The affinity of an antibody to ST2L can be

7

determined experimentally using anv suitable method.
Such methods may utilize ProteOn XPR36, Biacore 3000 or
KinExA instrumentation, ELISA or competitive bkinding

15 asgays known to thosze skilled in the art. The measured
affinity of a particular antibody/ST2L interaction can
vary 1f measured under different conditions (e.g.,

csmolarity, pH). Thus, measurements of affinity and

("J
¢ 'T
¢
t

other binding pa ers {e.qg., Ky, Ka, Korr) are

20  preferably made with standardized conditions and

9}

standardized buffer, such as the buffer described
herein. Skilled in the art wilil appreciate that the

internal error for affinity measurements for exanple

ing Biacore 3000 or FProteCn (measured as standard

Ny
o

Therefore the term “about” reflects the typical
Y¥

standard deviation in t

typical SD for a Kp of 1Ix107

(45
[
-3
[
)
"
i

(%)

antibodies binding human 57251 with a desired

affinity and optionally cross-reacting with cyno $STZ2L
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Lon. Antibodies

by further antibody ity maturat

oo T

can be identified bhased on their inhibition of 2T2L

831

bicological activity using any suitable method. Such
methods may utilize reporter-gene assays or aszays
measuring cytokine production using well known methods
and as described in the application.

ne embodiment of the invention is an iso

o

10 antibody antaconist specifically binding human 5T2L
comprising:
a heavy chain complementarity determining region

{HCDR} 1 (HCDRI}ef SEQ ID NO: 160 (XX

whereln

X2 is Y or D

a HCDR 2 {(HCDRZ} of SEQ ID NO: l1lel

20 (X IXG¥GGXaTYYADSVKGY ; wherein

Xs 128 A, S, T, ¥ or

J
~s

¥e is 8, R, E, K, G ¢

P.J
[}
#
oo
-
i

iate

X+ 1s 5, E or N:

Pl Q "y g - m = ~ N - 3
5 5, R, E, G, T, D or A; andg

-

X3

Z5 ¥ 1s Y, D, N, A cr 8:; and
a HCDR 3 {HCDR3Z} of SEQ ID NO: 162
(XX WSTEGSFEVLDY) ; wherein
X1 is D, A, R, N, O, P, E, I, H, 5, T or
Y; and
30 ¥, iz P, A, H, ¥, B, Q, L, &, N, T, V,
or I,
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Another embodiment of the invention ils an isolat
antagonist specifically binding human ST2L

a light chain complemen
5 (LCDRy 1 {(LCDR1} cof SEQ
wherein
a LCDR 2 (LCDR2} of SEQ
{DASNRATY); and
10 a LCDR 3 (LCDR3} of SEQ

\Qg!':{* Xy 4%15%X5 6% WX]VST) ;
RSk is F
X4 18 Y,
Xl5 is N,
18 Xig is W
X}'; i.}, b
Xlg is L
The antibodies of the

HCDR1, HCDRZ, HCDR3,

20 of SEQ ID NOGs: 160, 161, 162
respectively, can be made by

using £

LCDRZ and LCDR3 seguences of 3EQ ID NOs: 78, 81, 14
87, 90 and 92, respectively as a Lemgp The heavy

Z25 chain CDRs and the light Rs of SEQ ID NOs: 1¢
161, 162, 1683, 20 and 164, respectively, can be grafted
to human frameworks, such as frameworks described

Ttarity determining

PCT/US2013/038637

o~

ID NO: 163

or Dy

ID NO: 9C
ID NO: 164

whereiln

Yo
- F
or

D
Ay
deleted; and

Loa

nvention comprising &
LCDRZ and LCDR3 seguence

; 63, 90 and 164
well known mutagenesis
HCDRZ, HCDR3, LCDRI

infra. The antibodies can ke assayved for to
Mo ~ ; 3 ERL I ] ; L B - ~y - f e 0
STZL and for their ability to block IL-33/8TZL

interaction and for other

(%)

N

characteristics

such as

N

region

{RASQSVDDX LAY ;

[

e
[ o
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affinity to human yan
c¢f mast cell responses

831

the HCDR1 of SEQ
the HCDRZ cof SEQ
the HCZDR3 of SEQ
the LCDR1 of SEQ
10 the LCDRZ cr SEQ
the LCDR3 of SEC

In another enmbodiment,

antagonist specifically

HCDR1, HCDRZ, HCDR3,

as shown in Figure 10

!

described herein.

QT

In anc

o.\j(/..l st

the HCDRZ of SEQ
the HCDR3 of SEQ
the LCDR1 of 3SEQ
che LCDRZ oxr SEQ
25 the LCDR3 of SEQ

In another emnbo

herein comprises HCDR
LCDRZ seguences:
20 SEQ ID NGs: 23, 2
respectively;

specificalls

embodiment,

binding human

=l

-4

b
.

o

e

T

-

-,

N

LCDRY,

F

~her embodiment,

-
2L

iment,

1
(.

»
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and inhibiti

sing methods described herein.
an hody antagonist

o
el

desc 2d herein

] kza': R L

2L as

NOs: 78 or 25~-108;
NCs: 81, 108-118 or 120-129;
NOs: 84 or 165-185;
NOs: 87 or 130;
NC: 90; and
NOs: 92 or 131-134.
an isolated antibody
binding human ST2L comprises
LCDRZ and LCDR3 seguences
igure 11, and Figure 12 and as
an isolated antibody
binding human ST2L as described
NCs: Z3 or
NOs: 27 or 28;
NOs: 31 or 32;
NCs: 35 or 36;
NCs: 39 or 40; and
NOs: 43 or 44,
zn isolated antibody
binding human ST2L as described
iCDR2, HCDR3, CDR1, LCDRZ and
31, 35, 39 and 43,

N
(&%)
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SEQ ID Nos: 24, 28, 146,

Another embodiment of the

human or human-adapted antibod

thereof specifically binding h
herein, (SEQ ID NO: 1) compris
variabhle region {(VH) comprisin
from human IGHV3-23 (SEQ ID NO
ID NO: 148} or IGHVI-£*01 (SEQ
sequences, and a light chain v
comprising a VI framework deri
{Ley {(SEQ ID NO: 159}, IGRV3-1

156y, IGKVI-2x01 (L8} (SEQ ID

156} framework sequences.

specifically binding Domain I

PR T, B A e a1
described herein comprises a VH

rom human V
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human Vx L& framsework seguence

Human framework se quences are

include immunoglobulin g

sequences Joined to the Joinin

her emkodiment, the
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32, 40 and 44,

invention is

PR, 3 e
Y oantagonisct
2y . [anke —y gm
uman STZIL as

ing & heavy chalir
g a VH framework derived

+ 1beéy,

i
ID NQO: 149} framework

~

P

ved from a human IGEVI-114

11 {LZy {(SEQ ID NO:

NC: 151}, IGEV1-5*01

(2
i
N
)
h
=
o]
B
D
=
@]
=
Pt

nd a light chain wvariable

amework derived from a

s (SEQ ID NO: 159;.

well known, and typically
ermiine variable region

g {J} seguences. The
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human VH 3-23 framework amine acid seguence shown in
SEQ ID NO: 158 includes human germline VH 3-23 segquence

Joined to IGHJI4 and the human Vk L6 framework amino
acid sequence shown in SEQ ID NC: 152 includes human Vi

5 Lo

ls_j

rermline sequence Joined to IGKJILl as described in
Shi et al., J Mol Biol 397:385-96, 2010; Int. Fat.
Publ. No., W02009/0854¢62; and U.S. Pat. Publ. No.

Us2010/0021477. Exemplary antibodies having VH

)]

sequence derived from human VH 3-23 and a VL seguence

10 derived from human V¥ L6 are those shown in

Human cor human-adapted antibodies comprising

oy light chain variable regionsg “derived from” a
particular framework or germline sequence refer o
1%  antibodies cobtained from a system that uses human
germline immunocglobulin genes, such as from transgenic
age display libraries as discussed
infra. An antibody that is “derived from” a particular
framework or germline sequence may contain anino acld
20 differences as compared to the seguence it was derived

from, due to, fox

0]

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

.

adapted antibody antagonist or fragment therecf that

25 spec ly binds Domain I (3EQ ID NO: 9) of human ST2L as

described herein compe

¥
3

for binding te hum

9}
foie
o
-

NQ: 1) with an isoclated antibody compric a2 heavy chain
variable region (VH}) of SEQ ID NO: 47 and s light chain

variable region (VL) of SEQ ID NO: 51 {antibody C2244}).

embodiment, the 1ac

invention as described herein binds human ST2L at aminge acid

N
@3]
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GEKPSYTVDW; SEQ I NO:

210} . Whe antibody as described herein may further bind

2t amine acid residues T83 and F941 of SEQ 1D NO:

~ e b a2 ] P - I -, . . Ty 1y =y oy
5 Competition between specific binding to human S

antibodies of the invention as described herein compr

HCDR2 and HCDR3, and LCDR1,

16 vinding

human ST2L in the

antibody can be assessed by ELISA, or Blacore analyses or

ition with

flow cytometry may be used fo demonstrate conp

.

ntibodi

the a s of the invention.

15 test antibody to inhibit the binding of C2244 to human STZ2L
the test antibody can compete with these
y

binding to human STZ

C249%4, STLM208 and

competing with C2Z44 for binding to Domain I

s described herein block IL-33/S7T2L interaction and

inhibit a spectrum of STZ2L biologlcal activities, including

IL-33-induced mast cell . A non-neutralizing {(i.e.
- AY

ST2L Domain I, as
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epresented by antibody

L of ST2L, does not com

C2244, and does not inhibit $§7T2

specific S$72L domains or epitopes can be made by immunizing
¥ mice express: immunogliobulin loci (Lonberg =t al.,
Nature 368:85 94; Fishwild et al., Nature Bilotechnology

14:845-51, 1986; Mendez et al., Nature Genetics 15:146-56,

3

N
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ezamele a peptide having an amince aclid seguence of Domain I

of human

KESKQSWGLENEALIVRCEPROGKPIYIVDWY YSQUNKSIPTOSRNRVEASGOQLLEFLPAAV
ADSGIYTCIVRSPTFNRTGYANVTIYEEQSDONVEDYLMY STV (SEQ ID NG: 9y,
5 or a peptide having an amino acid seguence of RCPRQGKESYTVDW

{(SEQ ID NO: 210}, and using the hybridoma method of Xohler et

v

al., Nature 256:495-97, 1975. The are
tested for their binding to the epitepe using standard

methods. For example, when the structures of both individusl

16 components are known, in silico protein-protel

be carried out to compatible sites

Hydregen-deuterium (H/D) exchange can be carvied out with the

antigen anti

ody complex to map regions on

that way be bound by the antibody. Segment and poin

15 mitagernesis of the antigen can be used to locate

antibody binding. The identified mabs can

dified by incorporating altered framework
suppoert residues to preserve binding affinity by techniques

such as those disclosed in Queen 2t al., Proc Natl Acad Sci

>
o
—
.
n
b=
o
[oxt
.o
o3
j >}

-y
[N
, &

i
(99
N

-
[
W
s}
o

and Hodgson et al., Bio/Technology

L - N

i P T,
he antibodies o

h

the invention as described
herein may be human or human-adapted. The antibodies

¢f the invention as described hereln may be of Iga,

[\\

(&1

i
0

>
e

Igk, IgG or IgM type.

Antibodies whose antigen—i

(9]
o

the invention.

Typically, this involves one or more amino

acid substitutions with an amino acid having similar charge
or hydreophobic or sterecchemical characteristics, and are

made to improve antibody properties, for example stabkility or

|

N
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16

Lol =S

affinity. For example, & conservative substitution mavy

involve a substitution of a native amino acid residue with a
ronnative residue such that there is little or no effect
the polarity or charge of the amino acid residue at that
oosition. Furthermore, any native residue in the polvoeptide
may also be substituted with alanine, as has been previously
described for alanine scanning mutagenesis {(MacLennan et al,,

Acta Physiol Scand Suppl 43:55-67, 1598; Sasaki et al.,, Adv
1

(whether conservative or neon-conservative) can be determined

substi

a]

~itutions can be

function of the

nity, or reasidues

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

example at the Vernier Zone residues (US. Pat

o

O .

of

>

65,649,355 to affinity or stability.

at those framewori

positions in the antibody that differ in seguence when

con

=

wared to the homologous human germliine gene

3

1E e g PR pony N 4 . - - N o
sequences to reduce possible immu ﬂquulC;tﬁ. inesea

le to antibodies

)]
ot
O
3
4}
@]
9]
'3
o
D
o}
]
o]
D
—h
D
et
®

> Xanj

@

derived from de novo antibody libraries, such as piIX

libraries.

Conservative amino acid substituticons

y cocurring amino aclid residues which are

typically incorporated by chemical peptlde svnthesis rather

PCT/US2013/038637
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thanr by svnthesis in biclogical systems. Amino acid

substitutions can be done for examp

o
M
¥

~g

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

using well known methods, for examp

}...A
o
‘__l
4

(e}
Nl
o
3
v

o)
@]
=
-
=
z
@]
s

5 non-random codons, for ezxample DVK codons, which encode 11

amino acids

SYW}, and screening the libraries or

e

o

riants with desired properties,

ﬂw

Although the embodiments i1llustrated in the Examples

comprise palrs of wvariable regions, rs of full length
16 antibody chains, or pairs cof CDRL1I, CDR2 and CDR3 regions, one

from a heavy che
arti ive embodiments may

Come

regions or single light
chair 1li length antibody chains,

rom one antiboedy chaln,

ingle variable region,
ifength antibody chain or CDRL, CDRZ and CDR3 region of one
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 mayv be

accomplished by phage display screening methods using, e.g.,

N

hierarchical dual combinatorial approach disc
1

o)

Publ. No., WQL892/0

colony containing either @& H or L chain cleone is used to

Y
o

infect a complete library of clones enc

T W ‘“/‘WL\AJ,AL

in accordance with phage display

vrovides for isolated VH and VL donains

h)
-]

of the inventicn as described herein and
antibodies comprising certain VH and VL domains. VH and VL
variable regions for certain antibodies of the invention as

described herein are shown in Figure 13 and Table 12,

N
O
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One embodiment of the invention is an isclated human or
human-adapted antiboedy antagonist or fragment therecf that
specifically binds Domain I (SEQ ID NC: 9) of human ST2L
comprising the VH at least 90% identical to the VE of SEQ ID

Ancther embodiment of the invention is an isoclated

human or human-ads

thereof that spescificalily binds Domain I (SEQ ID NO: 93} of

human STZL ising the VL at least 84% identical to the VL

human STZ2L comprising the VL at least ¢

1C of SEQ ID NO: 209,

in the inventiocon

providaes for an antibody comprising the VH of SEQ ID NO=z:
143, 144, 145, 186, 187, 188, 18%, 190, 121, 192, 193, 124,
195 L%, 197, 198, 199, 200, 201, 202, 203, 204 or 205.

15 In zome embodine described herein, the invention
vrovides for an antibody comprising the VL of SEQ ID NOs:
135, 136, 137, 138, 139, 140, 141, 142, 206, 207, 208 or 2009.

In some embodiments described herein, the invention

provides for an antibody comprising

o
o+

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

ID NC: 207;

the VH of SEQ ID NOs: 183, 189 cr 1%0 and the VL

Y
o

of SEQ ID NO: 208; or

the VH of SEQ ID NCs: 187, 191, 192

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

or human-adapted antibody antagonist or fragment

(9]
o

v binds Domain I (SEQ ID NC: 9

cal
Cad L

therecof th

of human ST2L comprising:
the HCDR1 of 3EQ
SEQC

,__
I
<21
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residues in the Fc domaln that extend antibody half-life
(Strohl Curr Opin Biotechnol 20:685-91, 2009). Exemplary Fc

. = N o QT /T YA T MR Y - <y
modifications are IgG4 SZ28P/LZ34A/LEZ35A, ILoGZ

5 M252Y/35254T/T256E (Dall’Acgua et al., J Biol Chem 281:23514-

Appl. No. WC2011/066501) (numbering according to the EU

16

cf the invention as ¢ oribed

HJ
®
=
D
[
)
)]
=
b
e

sost-translationally processes such

mion,

On Or non-
B I S Ty QR . I A
naturally occurring covalent modificaticon such as the

15 addition of polyethvylene glycel moleties {pegylation) and

lipidation. Such modifications may occur In vivo or in
vitro. For example, the antibodies of the invention as

described herein can be conjugated to polyvethylene glvcol

{PEGylated) to improve their pharmacokinetic profiles.

h
i e o

20 Conjugation can be carried out by technigques known to those

skilled in the art. Conijugation

with PEG has been shown to enhance
interfering

2004; Leond

Ny
s
=
I
a
o
@®
et
ol
[
ol
Ko

o
3
ot
7
Q
s_)_
[

s or fragments thereof of the invention
as described herein medified to improve stability,
seiectivity, cross-—reactivity, affinity, immunogenicity
or other desirable biclogical or bilophysical

30 are within the scope of the invention. Stability of an
antibody is influenced by a number of factors,
including (1) core packing of individuoal domalns that

affects thelr intrinsic stability {2 rotelin/oprotelin
Xr | Iy

3
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interface interactions that have impacit upon the HC and

LC pairing, (3} burial of polar and chargs

v 9)
o)
Q.
=
U
i..
e
jo”
¢
U

3

for

{4) H-bonding networ!

and {5} surface charge and polar residue distribution

among other intra- and inter-molecular forces (Worn et

ai.,, J Mol Biol 305:989%9-1010, 2001y, Potential

abilizing residues may be ldentified

A

bazed upon the crystal structure of the antibody or by
moleculiar modeling in certain cases, and the effect of
the residues on antibody stability can be tested by
generating and evaluating variants harboring mutations
in the identified residues. One of the ways to

increase antibody stability 1s Lo raise the thermal

sition midpoint {(Tm) as measured by differential
scanning calorimetry {(DSC).
is correlated with its stability and inversely

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

that depend con the tendency 2f the protein to unfold

{(Remmele et al., Biopharm 2e-4¢, 2000). A number of

studies have found correlation between the ranking of

The physic stability of formulations measured as

lal
<.

al
stakility by DSC and physical stability

thermal

mn

measured by other met 5 {Gupta et al AAPS PharmSci

Pharm

1 that
& Fab Tm has implicatiocn for long-term physical
stability of a corresponding wmAb., Differences in amino

acids in either framework or within the CDRs cculd have

3

‘
A
{2
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dimerization domailns (int. Pat. Publ. No. W02012/022811, U.S.

Arncther aspect of the invention 1s an isclated

polynucleoctide encoding any of the antibody heavy chain

b

5 variable regions c

o
i~
o+
e
(T
o
3
-
-
O
b
fos
Q
=)
o
Q
-
e
o
B
o
4
o
=
bt
o)
o]
[
"3
5
<
bt
Q
b
3]

or fragments therecf of the invention or their complement.

Certain

are disclosed herein,
howsver, other polynucleoctides which

the genetic code or codon preferences

16 system, enccede the antibody antagonists of the invention are

also within

< ¥ o N 4 R - e et e T~y PR
SCOPpe 0L THhe 1nventloll. LXRW“ldIy

pelynucleotides of the invention are thoese shown 1in SEQ

—
\./

Another embodiment of the invention is a vecgtor

15 comprising the polynucleotide of the invention. Such

[

vectors may be plasnid vectors, viral vectors, vectors
for baculovirus expression, transposon based vectors ov

any other vector suitable for introduction of the

polyvrnuclecotides of the Iinvention into a given organism

20 or genetic background by any means
other embodiment of the invention 1s a host e

conmprising the polynucleotide of the invention. Such

host cells may be eukarvotic cells, bacterial cells,

plant cells or archeal cells. Exemplary eukaryotic

25 cells may be of mammalian, insect, avian or other
animal crigins. Mammalian eukaryotic cells
immortalized cell lines such as hybridomas or myeloma
cell lines such as SP2/0 {(American Type Culture
Collection {ATCC), Manassas, VA, CRL-1581), NSO

ae {(Eurcpean Collection of Cell ltures ({(ECACCH,

Salisbury, Wiltshire, UK, ECACC No. 85110503}, FO (ATCC

%
@3]
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co-receotor, that would not be blocked by & Domain ILI
antibody, and off-target effects such as increased
recruitment of ancther co-receptor, resulting in increased
signaling, 1is possible.

antagonist specifically binding Domain I of human ST2L,

antibody antagonist blocking IL-33/3TZL interaction and

binding Domain I of human STZ2L, antibodies that competes for
binding to human ST2L (SEQ ID NO: 1) with an isolated

16 antibody comprising a heavy chain variable region of SEQ ID
NQO: 47 and a light - reglion of SEQ LD NO: 51, ox
antibodies Dbinding human STZL at amine acld residues 35-48

of SEQ ID NO: 1 (RCPROGERPSYTVDW; SEQ ID NO: Z10} may

Additional characteristics of such antibodies include

raction and to

for treating a spectrum of STZl-mediated conditions, STIZL-
mediated inflammatory conditicns and ceonditions where
20 inhibition of mast cell responses is desired.

The methods of the invention may be used to treat an

animal

such animals include mammes

Y
o

S - Ay - S - . I o P o
such as inflammatory diseases

hyper-reactivity, sarcoidosis,

chronic culmonrary disease (COPD),

vulmeonary fibrosis (LPE), cystic fibrosiz, inflammatory bowel

h)
-]

disease (IRD), rheumatold arthritis, eosincophili
eroderna, atopilc dermatitis, allergic
rhinitis, bullous pemphigoid, chronic urticaris, diabetic

nephropathy, interstitial cystitis or Graft Versus Host

Disease (GVHD). The antibedies of the invention are useful

38
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C

o

autolmmune diseases such as rheumatceild arthritis, bullous
vemphigeid and multiple sclerosis.
The antibodies of the wention and are alsc useful ir

iration of a

the pr

the medicament is prepared for administration in dosages

defined herein.
Mast celils wlay a inflammatior

and asthma through thelrx medlators

(reviewed by Awmin, Respilr Med 106:2-14, 2012). ST2L is

sed on mast cells and its ctivation

sxpression of many coroinflammatory cytokines and other

is proposed to

stimu

o

including allergen, cold air, pathogen; damage To the

epithelium by these stimuli can result in release of IL-33

i__:
Ny
(e}
o~
}
R0

(reviewed by Zhao and Hu, Cell & Molec Immuno

2012). Mast cells relsase histamine,
prostaglandins, and cyteokines to increase vascular

permezability and bronchoconstriction, and recruit other

immune cells such as neutrophils, ecsinophlils and T

iymphocyte the site (Henderson ef ai., JEM
1996; White et a.

Rt

trafficking {(Meng et al.,

the alrway smooth muscle (ASM) cell lavyer, and secrete

PCT/US2013/038637
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the ovalbumin challenge mode

ot fb
=y
Y

nmodels and sensitization wi
et al.,, kuxr J Pharmacol 293:401-12, 1983}). Inhibition of

cytokine and chemokine production from cultured human

smooth muscle cells

of antagonists of the present invention to any

se of those
antagonists to amelicrate symptoms and alter the course of

16 CCPD and the like,

character:

~ e P oo Ty #F \
rrespensivenass (CAHRYY,

&}
=

ronchocons!

iorn, muicus hypersecy

ted Igk levels. Pati
“exacerbations”, a worsening
to microbial infecticns of th

rhinovirus, influenza virus, Haemophilus infliuenza, etc.).

Asthmatic attacks can be triggered by environmental factors

>
@
M

G

. RN . § e = . " - "
ascarids, insects, animals (e.g., cats, dogs, rabbits,

mics, rats, hamst

)
o

weutrophil

to the alrwavs, for example chronilc

pulmenary disease {(COPD),
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5
5
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fibrosis et al., Eur J L5:873-7, 2000; Rahw
et al.,, Clin Immunol 115:268-76, 2005), and diseases such as

h)
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the model of methacholine
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bumin sensitization and challenge (Hesse

Eur J Pharmaccl 293:401-12, 19285). Inhibition of cytokine

and chemokine production from cultured human bronchia

- T oA = < N1l < 7 4 ey < K
epithelial cells, bronchial fibroblasts or airway smoot!

D -t
muscle cells can also be used as 1in vitro models. The
administration of antibody antagenists of the present

use of those antagonists toe ameliorate symptoms and alter the
course of asthma, airway inflammation, COPD and the like.
IL-33 sigrnaling through the ST2L receptor on TH2

cells, basophils, mast cellis, and the newly described
Innate Lymphcoid Type Z Cells resulits in IL-% and IL-13
{type 2 cytokine) secreticn (ILCs reviewed by Spits et

al., Nature Reviews Immunclogy 13:145-149, 2013},

luel
o
)
©
h
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Fh

fects of therapeutics targeting IL-5 or

IL-13 in asthma confirm the re

a subgroup of severe asthmatics with sputum

-

A nonoc.

onal antibody that

5 - T b

neutralizes 1IL-5 resulted in fewer exacerbations (Nair
et al. N Engl J Med. Z009; 360(10):985-83)y. IL-13 is
reported to contribute to IgE synthesis, mucus
secretion and fibrosis. Treatment of severe asthmatics
with an anti-IL-13 monoclonal antibody resulted in an
improvement in lung function, with a subgroup
demonstrating a greater improvement {(Corren et al., N.

Engl., J. Med., 365:1088-1098, 2011)

o
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i
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9

o,
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=

€

of differential immunoclogical pathways are also
involved in asthma pathogenesis, and blocking these

mediators, 1in addition to ST2L, may offer additional

therapeutic benefit. Therapiles that target m iple

type 2 cytokines, or pathways upstream of type 2

inS
NS}
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cybokine could be beneficia
diseaze.
The VH and the VL domains of the
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1 in severe

MmO T PR 2 —~
STZL antibodies

of the invention may be incorporated into bispecific

5 antibodies and molecules described herein, in which the

¢ antibody specifically binds Domain I of ST2L
and a second antigen such as TELF (thymic stromal
lympohpoieting, -~ RB or TSLPR.,
1L~25 and TSLP, 3, trigg type 2 cytokine

10 releass via diztinct signaling complexes: IL-25 {(IL-178) iz a
member of the IL-17 family and signals through IL-17RA/IL-
17RE, and TSLP is a member of the IL-~7 family and signals

through the TSLPR/IL-7Ru heterodimers {(reviewed by Koyasu et
al,, Immunol 132:475-481, 20i1y. Aniwmals deficient in IL-33,
15 ST2 1L, IL-17RB, T3LP oy TELPR demcnstrate le
alrway inflammation in at least one of meny differsnt types
of nmouse models of asthma; however lack of protection from
alrway inflammation may be present in most of these animal
model raising the possibility that exposure of the
20 spithelium to various allergens or vathogens could trigger
releasse of IL-33, IL-25, and TSLP c¢oncomitantly. Hammad et
al. reported that administration of house dust mite extrac
to mice resulted in the release of IL-25, TILP and IL-33 {(as
well as IL-5 and IL-13 downstream of IL-33) into the airway
25 (Hammad et al., Nat Med 15:210-216, 2009). This suggests
t ST2L and TSLP and/or IL-25 may have beneficial
particularly in severe alrway disesse,

another embodir
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K
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In ancther embodiment of the invention, the antibody

antagonists specifically binding bomain I of human 1% a

bispecific antibody, wherein the
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IL-25, TSLPR, IL-17RA or IL~-17RB.

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

binding

antibodies can be generated using methods described herein,

8

Genetics 15:146~56, 1997, US. Pat. Neas. 5,770,428, 7,041,870,

and 5,939,598) or Balb/c mic

the corresponding oro
or extracellular domains of the protelns, or using phage

descrs

A e o et T
antibodies to TSLE,

RB can be used to generat
Exemplary 1L-25 antibodies

described in for example Int

Arthritis, including costecarthritis, rheumatoid
arthritis, arthritic joints as a result of injury, and the
like, are common inflammatory conditions, which would benefit
from the therapsutic use of anti-inflasmmatory proteins, such

7

the present invention. Activatiocn of

as the antagonists
STZ2L signaling may perpetuate inflammstion and further tissue
models for

damage in the inflamed

rheumatold arthritis ar

col itig (CIA) model, chronic

oped

this model
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PNAS 105:10813-8, 2008). In this model, there was veduced

infiltration of mononuclear and opolymorpheonuclear cells and

of synovial hyperplasia in the Joints of STZKO mice.

mice cultured wit
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showed significantly de sed
production. STZL-deficient
wild-type (W) bone

CIA was induced, developed more
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7, IFNy, and TNFa

1y tran -h

Lve
cells (BMMC),

.
tho

th

r s s [T
severe ULA

5 sngrafted with STZRKO BMMCs. The: 3T2L sigrnaling by mast
cells was te the develoomsnt of arthritis in a rmouse
modal that resembles human rheumatoid arthritis.
Administration of the STZL antibodies of the present
invention, which inhibit mast cell respconses, to the CIA
model mice can be used to evaluate the use of these
antagonists to ameliocorate symptoms and alter the course of
disease.

Exemplary gastrolntestinal inflammatory conditions

are inflammatory bowel disease (IBD), ulcerative
colitis {(UCY and Crohn's disease (CD), colitis induced
by environmental insults {e.g., gastrointestinal
inflammation (e.g., c¢olitis} caused by or associated

with {e.g., as a side effect

such as administration of

and the like),

colitis, collagenous or

necrotizing enterocolitis, ¢
as c¢hronic granulomatous dis

food allergies, gastritis,

£)
chemotherapy,
infections

lymphocyt

a therapsutic regimen,

ra

diation

a
colitis, ischemic

T

ic colitis,
olitis in conditions such
ease or celiac disease,
infectious gastritis or

5 enterocclitis {(e.g., Helicobacter pylori-infected
chronic active gastritis) and other forms of
gastrointestinal inflammation caused by an infectious
agent. Several animal models for gastrointestinal
inflammatory conditions exist. Some of the most widely

§ used models are the 2,4,6-trinitrokenesulfconic
acid/ethanol (TNBS)~induced ceolitis model or the

oxazalone model, which inc

o
uh LJ. ce

@3]

chronic inflammation and
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ulceration in the colon
Immuncl 12:51-22, 2000)

sulfate

manifeste

(‘D\t‘('
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ath et al., Intern Rev
wother model uses dextran

¢f the cclion and rucosal ulceration with neutrophil
infiltration. Another model involives the adoptive
transfer of Chd T cells Lo RAG or SCID
mice. In this naive T cells attack the
recipient gut causing chronic bowel inflammation and
symptoms similar to human inflammatory bowsel diseases
{Read and Powrile, Curr Protoc Immuncl Chapter 15 uni

5.13, 2001)y. The administration of antagonists of the
present invention in any of these medels can be used to
evaluate the potential efficacy of those antagonists to
ameliocrate symptoms and alter the course of diseases
assocliated with in the gut, such as

inflamm

Renal
such as graft
Dial Transp
diabetes (R
44, 1996) .
initial inflammatory respon

fibrogenesis of the gl

tubular interstitiux

-

Tubulcinterstitia

oSS
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Kidney Ii
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vro-inflammatory ¢ytokines stimulate the proximal tubule

n
ot
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o3}
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ilum to secrete local inflammetory and fibrogenic

mediators. Additicnally, chemotactic cytokines are secreted

‘...A

ial cells and provide a directiona

T

1
5 gradient guiding the infiltration of monccvies/macrophages and
P-cells in nterst

infiltrate ¢

cytokines

cytokine release while also stimulating the epithelium to

16

PA b

Cther exemplary

conditions t

fibresis (including bu to alocchol-induced

Lral-induced

autolimmune-induced

LUNG

rh

ibrosis (including but not limited to

[

dicpathic pulmonary fibrosis); kidney fibrosis

—

net limited to scleroderma, diabetic
nephritis, glomerular nephritis, lupus nephritis); dermal

N

fibrosi (including but not limited to scleroderma,

>
fo]

myslofibrosis;

Ny

s

I
2
3

rgan specific fibrosis can be assoclated with

ilver fibros

t fibrosis

fibrosis, skin fibroszsis, eye fibrosis or bons

fibros:

idiopat

h)
-]

fibrosi

oy

0
ol
u
1

thma, sarcolideosis or chronic obstructive

vulmeonary disease. The liver fibrosls can be associated with
cirrhosis, schistomasomiasis or cholangitis., The cirrhosis

I
-



PCT/US2013/038637

be

can

R

iabet

5

s}

h

A
Wit

glomeruioscheleroc

WO 2013/165894

O ~
- Q —
— IHU = o) nm f\v i —
© 4 [0} i3 SR ~ G M
A I 5 5 4
o o i N = ! ; o~ b - U
» = - { O P % £ 2] el s U k=] -4
< M — vv = : O i o ~ 15
© O o O ) L N s woo-H ] O -
{ o ,_.N 2 | ,.l o o O. ,d ) S_ C 1
. oo w0 H : = D0 [ T ~ i
oA @ o o woou . 0 +
M‘./ﬁ mw - m.m o o w”; ..\Ww © “U‘ q | - ML o HLH 5]
2 < J i, i 7 i 3 -
G a4 6 o 4 a 4 3 0 S S
X - i i 4 i 1Y . -
oow o LR RS B = £ > P wooog w
44 ] - 0] 3 X = -~ 5 - -~ U @] i =
o &4 m\, Mw " \\ =4 @ e um ,ﬂﬁ &
H o} p 1] o = -~ T o) - o] &
© — ) o l /.u . ~ -~ i3 o b 9] <] -
o S N = B 7 2 U —_ g o© o QO
= .l @ O B 3 93] [OTRE] o e 9] 4+
] ”.ﬁ ] e~ [ m 1927 i} 0] o] NP &} - ]
mo @N o o 0 e © £ ~ > el i T 4 W ©
@ M. 0 .- ,.,l E- > ~ )] - - C et
3 IR B B 199} - - o [CTS ~
R T ) - noow o g G o U
mr . C W_ & ° o +? C - u_ >N e q e . - -
£ >y m 9 o = 0 nooo P © jo] 2 OIS
[ _cM .f_ .f,u a + wwk, O Mo o i Ul W o>
(S i T ¢ : E i -
A 44 Q- 3, e ) © &0
< 04 v o W 3 S ; “ O3
o Q o S| Et - - O @ O - - G
o o H o 9 T - v < ¢ 0
e Y O -4 = I ’ N9
$oom W O g w0 ST Y
S 4 o TR VR e
R B B - Lowm oo 9 o - o
&k a 4 o > woow G
» [ G = z o ) > B -
a5 78 - =% L E B A S = O
- : - A+ = 9 — . S } H 4 - w}
= y N; @ T Mo P ] O @ B T N O C
L&A 43 © 2 © ZoT w0 o ooun @ ST R
P I R a PO R e g e wgon 0on Y
T 4 -] -~ ks 0 A} log] o - —r-d - - e ) 422
" odowm m L u e e o = T S e O v v
co TN TG SRS BN NENNS SRS SN & St S G S (A R Como© ow
~ - 2 sady o 7
S| S Ee 1 e SRS SR B A S © B (VB w0 ~ -rof
€ Yow w0 w9 o h Q0 C ~ T T 4 -
2 [ = B H nosE w2 b O L oo [ A L BN L O
I N N B B R A CI O I
A 2 < - 1 [ - 4 - - & 5 5
I R S e & o O R < ﬁ © o
SR ¢ O S [ S = = R SR RS- N8 B M
) L, C . ) 4 L SR &Y A = N~ B
e O @ 4 L S ] ] © TR [®) [} =3 9] ©
4+ [0 - I O oo I s S o] BN [ & 4] @ [
- O e B B [ ] @ M ok e R (O e N (VI
= @ (SO T = a, C - ¢ &2 @ W © v M 58} 2 4 S Q. @
e} o) e} < e} <o
— i C N o

in

]
SK1
e

7

r

ue
endoorir

flamm

in

48

repalr,

>and

o

v



WO 2013/165894 PCT/US2013/038637

>
fo]

responsiveness and cell, virus, or prion-mediated

hyper

;.-a

infections or discrders.

i

One embodiment of the invention is method of
treating or preventing a S8TZ2L-mediated condition
comprising administering a therapeutically effective
amount o¢f an isclated human or human-adapted antibody
antagonist that specifica
2) of human ST2L, blocks IL-33/57
competes for binding to human 3T2L (SEQ ID NC: 1} with
an isclated antibody comprising a heavy chain variable

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

region (VLY of SEQ ID NO: 51 and/or binds human STZ2L at

10} to a patient in need

to treat or prevent the

Another embodiment of the invention is a method of
inhikiting mast cell response in a patient comprising
administering a therapeutically effective amount of an

isvlated human or human-adapted antibody antagonist

that specifically bkinds Domain I (SEQ ID NC: 9 of
human ST2L, blocks IL-33/8T2L interaction, competes for

binding to human 8725 {(3EQ ID NC: 1y with an isolated
antibody comprising a heavy chain variable reglon (VH)
of SEQ ID NO: 47 and a llight 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 (RCPRQGEPSYTVDW: SEQ ID

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

suffic to inhibit the mast cell response.

o~

Another embodiment of the invention is a method

of inhibiting interaction of IL-33 and ST2L in a
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subidect, comprising administering to the subjlect an

isolated human or human-adapted antibody antagonist

that specifica

'"U

11y binds Domain I (SEQ ID WO: 92) of

human L, blocks IL-33/872L interaction, competes for
£ -

Wt

T2
inding to human ST2L {(S8EQ ID NC: 1) with an isclated

]
antikbody compriszsing a heavy chain variable region (VH)
of SEQ ID NO: 47 and a light chain variable region (VL)

41T

of SEQ ID NO: 51 and/or binds human ST2L at amino acid

)

regidues 35-48 of SEQ ID NO: (RCPRQGKEPSYTVDW,; IZEQ ID

NO: 210) in an amount sufficient to inhibit the

~

interaction of IL-33 and ST2L.

-

In another embodiment, the 3TZ2L-mediated condition

ig asthma, alrway hyper-reactivity, sarcoidesis,

7

chronic cbhstructive pulmonary disease (CO

PDy,
idiopathic pulmonary fibresis (IPF}, cystic fibrosis,
inflammatory bowel disease, {(IBD), eoszsincphilic

-

sophagitis, sclercderma, atopic dermatitis, allergic

-
i
O
o
,

{

rhinitis, bul pemphigolid, chronic urticaria,
diabetic nephropathy, rheumatoid arthritis,
interstitial cystitis or Graft Versus Host Disease
{GVED) .

Iin another embodiment, the STZ2L-mediated condition
is associated with inflammatory cell recruitment in

1 hyperplasia, or increased mucous

goblet ce

In another embodiment, The 3TZL-mediated condition
is associated with mast cell re
n another embodiment, the inhibiting mast cell
response comprises inhibiting the level of GM~CSF, IL-

5, 1L-8, I1-10 or IL-13 released by human cord blood-
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3 R - T e =y 4 o~ ey oy 4 =y e PR = e { ey T
derived mast cells by at least 50% with 50 pog/mi

antibody.

1

-
v

ancther embodiment, the antibody antagcnist
adminisztered to a patient in need thereof 1is a

5 bkispecific antibody that specifically binds Domain I

{(SEQ ID NO: 39} of human STZL, IL-33/8T2L
interaction, competes for binding to human ST2L (SEQ ID

NO: 1) with an iscolated antibody comprising a heavy

chain variable reglon {VH) of SEQ 1D NO: 47 and a light
10 chain variable region (VL) of SEQ ID NO: 51 and/or

r\ o

binds human STZL at amino acid residues 35-48 of SEC ID

NO: 1 {(RCPRQGEPSYTVD SEQ ID WNC: 210}, and further

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

1% Administration/Pharmaceutical Compoesitions

The “therapeutilcally effective amount” of the anti-~ST2L

Il
(&3

medulation of ST2L

i

determined by standard research technigues. For example

-~

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

1@ Treatment of an inflammetory condition such as asthma or
rheumatold arthritis can be determined by administering the

elevant

imal models, such as the

- e ; e o . i
25 In addition, in vitro assays can optionally be emploved

o le q - P q N : ~ .

30 disease to be O invoived,
+ PR - [ 3 oA e
tne patient’'s body mass, atus and

other fact dose

e be smployed in the formulation will
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route of administration, and the severity of disease, and

should be decided according to the judgment of the

vractitioner and each patient's clrcumstances. ELffective
doses can be extrapolated from dose-response curves derived

from in vitro or animal model test systems.

The mode of administraticn for therapeutic use cof the
antibody of the invention may be any sultable route that
delivers the agsnt toe the host. Pharmaceutical compositions

of these antibodies are parti

a]

The antibody of the invention may he prepared as
pharmaceutical compositions containing an effective

amount ¢f the agent as an active ingredient in a

pharmaceutically acceptable carrier. The term

-

"carrier" refers to 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

En
H

and the like. For
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example, §.4% saline and 0.3% glycine can ke used.

These sclutions are sterile and generally free of

particulate matter. They may be
conventiconal, well-known sterilization techniques

traticn}). The compesitions may contain
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thickening, lubricating and coloring agents, etc. The

concentration the antibody of the invention in such

@]
-

pharmaceutical formulation can vary wide
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less than about 0.5%, usuvally at or at least about 1%
o as much as 15 or 20% by welght and will be selected
primarily based on required dose, fluid volumnes,
viscosities, etc., according to the particular mode of
administration selescted.

anl 2

Thus, a pharmaceutical composition of the
I s

invention for intramuscular Jection could be prepared

to contain 1 ml sterile buffered water, and between
about 1 ng to about 100 myg, e.g. about 50 ng to about
30 mg or more preferably, about 5 mg to about 25 mg, of
an anti-STZ2L antibody of the invention. Similarxrly, a
pharmaceutical composition of the invention for

intravenous infusion could be made up Lo contain about

250 ml of sterile Ringer's sclution, and about 1 mg to

about 320 mg and preferably 5 mg to about Z5 mg of an

antagonist of the invention. Actual methods for

[

sreparing parenterally administrable compositions are

well known and are described in more detail in, for
example, "Remington's Pharmaceutical Science™, 15th
ed., Mack Publishing Ccrpany, Easton,

The antibodies of the invention can be lyophilized

for storage and reconstituted in a suitable carrier

effective with conventional immunoglobulinsg and

reconstitution technigues can be employed.
The present invention will now ke described with

- o ; T P} 7
rererenCe TO Tile [OL1OowWlng

MATERIALS AND METHODS (general)
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Human and Cynomolgus (Macaca Fascicularis, oyno} receptor-

ligand binding inhibition assay (RLB assay)

WO
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D
teed
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3
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ul of 4 ug/ml human
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=
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O
QJ\
e
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s

or 2ug/ml cyno

STZL-EC {amino acids 19-321 of SEQ ID NO: 2} having C-
terminal Hisg tag in bicarbonate buffer at 4°C for 16 hrs.

r
1l subseqguent steps were performed at room temperature.

bicoccking buffer, and was washed
+

Tween, 30 pl of variouvs dilutions of anti-STZL mAbs werse
added to the wells and incubated for 1 hour. For human

N2
(]
o
ot
o}
h

blotinylated human [L-

33 (resi

at 100 ng/ml

N -

final concentration and lncubated for 30 minutes. For cvoo

nding assay 20 of bicoctinvylated cynoc IL-

33{residues 112-269 of SEQ ID NO: 4) was added at 200 ng/ml

final concentration and incubated for 30 minutes. The plate
was washed 3 times with 300 ul of wash buffer. 50 ul of 0.2

- i e . U I T TS ey - . T PR o~ — R [ R R | . A
1g/ml Streptavidin-HRP {Jackson Immunoresearch) was added and

incubated for 30 min. The plate was washed 3 times with 300
1l of wash buffer contailning FBS+0,.05% Tween. 5
substrate (EMD Bicsclences) was added toe each well. Reaction

Sulfuric Acid.

-
<>
)
-
i_.:
b
<>
B
N>
s
P

was stoppsed by the addition of

mouse Domaln

I, II and III swaps were designed and generated using

standard molecular bilolegy techniques. The constructs are
listed in Yeble 1. Amino acid numbering corresponds to human

STZ2L (hSTZ2L) {SEQ ID NO: 1; NP 057316) and mouse STZL

(mST2L) {SEQ ID NO: 5; NP 001020773) proteins.
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Qrigin of aming acid residues for each Domain in chimeric constructs

Construct Marme

Domain i

Dormain i

Domain i

HHM-ST2L

h&T21L a3,

*7

hST2L aa. 123-202

mST2L 3a. 209-324

MHM-STZL

mST2L aa. 2

hST2L as. 123-202

HMH-5T2L

hST2L aa. 19-122

mST2L aa. |

HH-STZL

hST2L 3a.19-122

hST2L a3, 1232

ASTZL: human ST2L SEQ D NO: 1

mST2L: mouse ST2L SEQID NO: S

Domain binding determination assay.

N

Antibedy binding to ST2L
determined
glectrochemiluminescent detection
Discovery
each well of

coated onto KL/well)

150

with

temperature. The plate was blocked

for 2

buffer

Wa S
iabeled NuST2L-ECD or mouse

HEM~STZ2L

I NG: 5y or

{aminc acids

2)

chimeras or HHE-8ST2L

19=-208 of SBEQ

=
D
i
:r—’-
o
fa
o
D
wn

concentrations from 5 nM to 40 The plate

and incubated for 1 hr at room temperature

{n
@3]
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then read using an MSD Sector

human ST2L-ECD,

w
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and HMH-STZL, but not by mouse D recognize
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Domain I of human ST2L-E bound by huma

>-=

STZ2L-ECD and H but not HHM-ST2L and mouse STZL-

ECD, recognize Domain IITI of human STZ2L-ECD.
10 Antibodies bound by human and mouse ST2L-ECD but not
HH-8T2L recognize Domain I1I of human and mcouse 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

.
o]
c
e
¢}
<2

fragment-specific Ab ({(cat# 109-005-098) wasg obtained from
Jackson ImmuncHesearch laboratories {(West Grove, PAY. GLC

sensor chips {Bio-Rad cat# 176-5011), CM-5 sensor chips (GE

>
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©
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and reagents for preparation of the

actlons of anti-87T2L antibodies with His

The i

25 tagged human STZ2L-ECD and Hisg~tagged cvao

using a ProtaeOn XPR36 at

as prepared by coupling goat anti-human

’._r

tfic antibody {(Ab) to the surface of a

sensor chip using the manufa

(9]
o

amine~coupling chemistry. The coupling buffer was 10 mM

i

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

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

R 3 LT i T Sy | y i y O Mo - N ] - vy - - - Lol
with, 3 mM EDRTA, and 0.005% Tween 20) to a concentration of

o~

.5 ug/mL. The antibodies were captured (60-130

(&)

-4
Iy

5 about U)Y in
the vertical orientation onto the anti-human Foy antibody-

modified GLC chio. Capture of anti-STZ0 mibs was followed by

injection of huST2L 2CD in solution {0.024 to 15 nM in 5-fold
dilutions) or cyvnoSTZL ECD in soluticon {0.02
association was meonitored for 4 minutes in all experiments
{Z00 uL injected at 50 ul/min}. The disscciation was
monitored for 30 minutes. Regeneration of the senscr surface
was obtained with three 15 sec pulses of 10 mM glycine pH

15 1.3

mass transfer,
RBiacore experiments were performed using a Biacore 2000

iacore ARY.  AlLL

(O3]

20 mM EDTA and C.005% Tween 20) with or without 0.1% B3Sa at
25°C.

A BRiacore

(’\
5
P
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d by courpling

goeat anti-human Ab to the

carboxymethylated dextran surface of a CM-5 chip using

25 manufacturer instructions for amine-coupling chemistry. The

covpling buffer was 10 mM sodium acetate, pH 4.5. An average

of 6000 response units (RU} of Ab were

ow cells. The anti-ST2L mAbs were captured {about 33

sor c¢hip

)

3-fold diluticns). The assoclation was monitored for 4

{n
-
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and muSTZL-ECD were diluted in BrRB. CL129% was captured using
the anti-mouse Foy antibody (about 85 RU}. Capture was

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

5

3-fold

Ltation was amonltorad for 8

sred

rminvtes. The dis tion was moni c0C0 seconds.

The regenervations were performed using a 1/100 dilution of
ovhosphoric acid. The data were fit using & 1:1 binding

model .

16
Human Rasophil cell line assay {(basophil cyvtokine
release assay)

/nxn ‘/: \: 7 (:R].J - 2 O 7 9 )

1640 growth medium {(Invitrogen) supplemented with 10% KBS and

peniciilin/ streptomycin., Anti-human ST mAbs and controls

After 1 hcour of incubkation, recombinant

20 acids 111-270 of SEQ ID NO: 3) was
added at a final concentration of 10 ng/ml in 10 pl of RPMI
growth medium. The cells
24 hours to allow for IL-33
IL-6, Following incubatio

25 collected for subsequent dstection of

and IL-6 using

or bead-based multiplex analyses

Human Mast cell cyiokine release assay and PG, release

h)
-]

assay

~
]
-l
{2
TN
—
)
5
0
i
-
@]
A
C
I
~
[N
pond
O
[N

Mast cells were derived from

cells (Lonza). Frozen vials of >1.0 x10°% ©bD34" cord

{n
Lo
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ml conical tube. Drops of warmed or room temp Stem—Fro

34 media

total; Invitrogen) were

The cells werxe

at 1,000rpm for 15 minutes and resuspended in media
5 {10nls of StemPro—-34, with the following supplements:
30 ng/ml IL-3, 100 ng/mi IL-6, and 100 ng/ml SCF.

Cells were plated in 2 wells of a 6-well plate, and

cultured for 1 week. On day

i
~

cells were expanded 1:3

! —

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

-

10 adnerent cells were removed and plated at 0.5x18%/ml in
0-34 media containing 10 ng/rel I1L-6 and 100 ng/ml
SCF., Cells were expanded weekly to maintain cell

/ml until mast cells were mature at 6-

10 weeks {assessed ression of FceRl, cKit, and
15 Cryptase) .
Mature mast cells were cultured at 0.5 x 10°/ml in
StemPro-34 and stimulated dailly for 4 dayves in IL-4
{10ng/ml; Peprotech), IL-6 {(lOng/ml; R&D Sysztems) and

20 harveste centrifuged at 1,000 RPM for

resuspended in fresh StemPro-34 media or RPMI

ing 10% FCS without antibiotics, with 100ng/ml

v}

2
1

3

cont

)]

human recombinant SCF. Cells were plated at a density

~E SN -~ 7R AN ~e 1T 1 Ta S 1
of 65,000 to 75,000 cells/ 0.16 mis/well

9]
i
oy

bottom, ftTissue culture-treated Y6-well plate.

anti-872L mAbs

concentration of 50, 10, 2, 0.4, .08, 0.0ls, 0.0032

ug/ml for 30 minutes prior to the addition of IL-33.
Recombinant human “mature” IL-33 {(residues 111-270 of

30 SEQ ID NO: 3) w

also prepared at 10X (10 cor 30 ng/ml)

g\

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

60
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added to the wel

concentration of 1

(Figures 6 and 7A-7E)} or 3 ng/ml (Figure BA-8E), and
the plates were incubated overnight at 37°C, 5% CO:.

Culture supernatant was harvested 18-24 hours after

£ -~ ) = . o —~ . - - 3 i H 3
for 10 minutes. The supernatant was removed and placed
LR - T 3 - 4 T 7 Toam T o e P R N I oy SO N e
into a U bottom 26 well plate and stored at -20°C priorx

To assaying. Human cytokine kits from Millipore were
used Lo analyze cyvtokine levels using Luminex
technolegy. Levels of PGDZ were measured using the

rostaglandirs

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

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

ear pilate (VWR) was coated with 50 al of 2

}...I

Brg/ml goat anti-human 1gG, roy fragment-specific (Jackson

Immunoresearch) antibody for apeoroximately 1

were Como le at rcom t smparatures.

d with blocki washed and 50 ul

=N

mouse ST2L-ECD fused was added for 1

33 with or without anti-mSTZL antibodies added. The plate
was washed and detection done with streptavidin-HRP {Jackson

Immune Researchn) an

d signal developed with TMB substrate (HDI

Division of Fitzgerald Industries) following manufacturer’s

[

-
1

tions.

@]

o

ins
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Mouse and Human reporter gens assayvs (human or mouse RGAR

agsay)

HEXKZ293 cells were plated at 50,000 cells per well in white

clear—-bottom tissue culture-treated Y6-well plates (NUNC) in
5 DMEN 10%FBS and incubated in humidified incubator at 37°C,
5% CC, for 24 hours. Cells were co-transfected with vectors

encoding either human or mouse STZL-ECD CDNA, NE-KB-

Luciferase vector {(Stratagene, Agilent Technologies, Santa

Clara, CA) using Lipofectamine™ 2000 in Cpti-MEM media

10 {Invitrogen) using standard protoco

}...A
]
7
)
.
0]
H
N
N
o
jen
4

incubat

human

without

18 Lucife

\

{(Promega) accordi

"o the manufacturer’s instructions.

Mouse T-oell proliferation assay

cells (DLO

20 couplete growth medium: RPMI 1640 medium with 2 mM
glutemine adiusted to contain 1.5 g/L sodium bicarbonate, 4
g/L glucose, 10 mM BEPES, and 1.0 mM sodium oyruvate, and

supplemented with: 0.05% mM Z-mercaptoethanc

106 pg/ml IL~-
o (R&D Systems), 10% fetal bovine serum, 10% rat T-STIM

Lol =S

Con A {rat IL-2 culture supplement
Becteon Dickinson). The cells were washed twice with assavy
media (RPMI, 10%FRBS

1.25210° cells

clear bottom ti

(9]
o

Rochester, NY).
109266 of SEQ ID NG: 5) were added to the cells for the
final assay velume of 1{ test

neutralization, control antibodies (spiked in spent hybridoma

N
N
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medium} or hvbridoma supernatants were added to the cells and

incubated for 1 hour followed by addition of 20 pg/ml mIL-33.
The elates were cultured for 24 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 instructions.

10 Mouse bone marrow derived mast cell assay

from bone marrow of

Mouse mast cells were denivw

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

celliszs/w

10% ¥B3, 10% WEHI

cell line-conditicned medi

b
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15 ezsential aminc acids, 1
(Inrvitrogen). Anti-ST2L mAbs (100, 10, 1, 0.1, or 0.01
ug/ml) were incubated with the cells for 1 hour pricr to

addition of recombinant mouse “mature” IL-33 {residues 109-

vested and froz
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until anslysis using the Millipore Mouse 22-plex kit for

Luminex =, accerding to manufacturer’s instructions.

Cyno endothelial cell assay

25 ynomolgus Acrtic Endothe

SCM®R~2 Endothelial Cell Growth Medium~2 {(Lonza) were

F
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20,000 cells per wel

1
vere added to the ce at 100 upg/ml with
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recombinant cyno
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- 2 Eoent DA Py e e T N LAt e e
incubated at 27°C for 24 hours. To evaluate IL-33-
induced cytokine responses the supernatants were
harvested and the cytokine levels were assessed by a

v ™

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

[}
£

ing to manufacturer’s instructions.

5 accor

of these cells were found to be lymphocyites and macrophages,
as determined by B220 and F4/80 expression (FACS analysis).
Approximately 1% were cKit'® (CD117') mast cells. Cells were
centrifuged and the pellet was resuspvended to 1
15 in Alpha MEM media+ 10% FBS + 100 U/ml Penicillin + 100 pg/mi
Streptomyein {Invitregen). Cells were plated at 200 ul per

well in a 96-well plate and rested 2h at 37°C, Anti-3STZL

addition of 10 ng/mi mouss

20 reaiduss 109-266¢ of SEQ ID NO: 215}. Supernatants

—-20°C

atored

analysis, and analyzed using the 1lipere Mouse 22Z2-plex kit

for Luminex™ according te manufacturer’s instructions.

D
o

Example 1. Generation of rat anti-wmouse STZL antibodies

W1t mouse

assessed ficlient

titers were obtained, splernccytes were isolated and

with 7O cells.

[95]
lam]
h
-
n
[0
O

culitured for 10 days. Antigen specific clones were

identified by standard capture ELISA for binding to

64
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mSTZ2-Fo and cross screened agalinst the Fo protein
alone. Murine STiZ-gpecific hybridomas were further

e
[WRIRR

T2 in an

831
=
O
o
]
=
[N
(2
@

11l proliferation. Hybridomas exhibiting

neutralization in both receptor-1li

ls_j

and binding and

cell-based proliferation ass

[N

clonally selecte

4

by limiting dilution. Hybridoma V-regilons were

"

~

-

-
H
L

oned into mouse IgGl background. STZ2L-

jON
-

anc

{L
.

s

D

quence

10 ECD donmain

(4
H:

icity was addressed by standard

spe
immuncsorbent assay with electrochemiliuminescent

detection using various human-nouse domalin-swap

NV ST Y ‘
LD J\J:\J.kzt,xzo

Artibody secreted by hvbridoma C€19%9% was cioned
15 intoe mouse IgGl background and named CNTC3914.

Sequences of CNT03%14 variable regionsz and CDRs are
shown in Tabkle 2. CWT03914 does not cross-react with

human ST2L a

3

1d binds Domain I of mouse STZ2L-ECD.

(@)
@3]
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HCDR1 HCORZ HCDR3

mAb Name SEQID SEQD SEQID
Sequence Seguence R Sequence
NO: NO: NO:

1993/

HYGMA 13 SHTDGTSTYYRDSVKG 14 GsDOYEDY 15
CNTO3914

LCBRE LCBR2 LCDR3

mAb Name SEQLID SEQD SEQID
Seguence Sequence Sequence
NO: NO: NO:

1993/

K5SQSLEYSDGDSYLE 16 GYSNRFS 17 FOATHDPET 18
CNTO3914

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

~
o]
o~
o]
N
0]
b

tion cof mouse anti-human $S72 mAbs.

BALR/c were lumunized intrapveritoneally with scluble

¥
STZ2-Fo (R&D Systems, SEQ ID NO: 157) and asseszsed for
speclfic ILgG titers. Once lent titers were
splenocyvtes were lsclated and fused with FO cells. The

resulting hybridomas were plated in 26 well plates and

cultured for 10 days. Antigen specific clones were

identified by standard capture ELISA fox C

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

reacting with cyno STZL were further tested for the

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

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

ASSAY Clones inhibit aazay or in both

ELISA and reporter gene as for further

sttugies.

5 Antibodies from hyvbridomas Cz4%4,

o
s
V)
o
o

Domain L. Antibody C249%4 was cloned into human I[gGZ
background, and the fuill length antibody was named STLMG2Z

1G6 Anti-human ST2L mbAbs 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-ECD by fiow cytometry. Clones that exhibited

15 binding in this assay were confirmed to bind hST2L-ECD and
further characterized for binding te cyno STZL-ECD by
standard capture ELISA. Selesct clones were characterized 1n
receptor-liga iticn ELISA and reporter gene

5

or in both

reporter gene

20 ELISA and reporter gene selected for further

=
o
<
®
o

studies.

Antioody from Genovac hyvbridoma C2244 was selected for
further analyses and cloned into humen [gGZ background. The
full length antibody was named STLMID. STLMID binds human

25 STZ2L at Domain I.

Sequences of tl VH, VL and CDR domains of the mouse

anti-human antibodies are shown in Table 3.
30

9
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KLELK

Example 3. Generation of fully human ST2L antibodiss

phage

Human STZ2L-binding

[alnisk

ey
o

N

5 B

isplay libraries as described

387:385-9¢6, 2010; Int. Pat. Publ

at. Publ. No. US2010/0021477).

bs were selected fro

HCDRL HCDRZ HCD
mAb e SRS p—
Name Sequance a Sequence S Sequance Jh_Q!D
N NC: NO:

C2519A  {DYNIMN 21 NINPYYGSTTYNQKFKG 25 EGDTYLAWFRAY 29

C2521A  {TYWMN 22 QIFPASGSTYYNEMFKD 26 SENIYYINFQYYFAY 30

cn84f [P e . - .

) SDYAWN 23 FISYSGDTSFNPSLKS 27 YDGEYSFDY 31

STLVILS

C2494/ DDYMH e RIDPAIGNTEYARKFQD a9 GDFYAMDY 2

STLME2 = - ‘

LCDRL LCDR2 LCDR3
mAb oD SEID SEQ D
Name Seguence ' Seguence S Sequence Jh_ -
N NC: NO:

C2519A  {RSSQSIVYSNGNTYLE 33 KVSNRFS 37 FORSHVPPT 41

C2521A  {RASONIGTRMH 34 YASESIS 38 OQSNTWPF 42

C22841 { s scrermc v as P [ o

s RASKSVSTSGSSYMF 35 LASNLES E2) QHSREIPYT 43

STLMLS

Cz4a4f ITNTDIGDVIH EGQNTLRP LOSDNMLT

c 4

STLME2 36 @ 4

mAb VH sequence SEQ D NG
EFCLOGSGPELVRKPGASYKISCKASGYSFTDYNMNWYKQSHGKSLEW!

C2518A  {GNINPYYGEYTYNOKFKGKATLYVDKSSNTAYMHLNSLTSEDSAVYYCA 45
REGDTYLAWFAYWGQGETLVTVSA
CIQLOGSGPELVRPGTSYIISCKASGYTRLTYWIMNWYKQRPGOGLEW!

C2521A  {GOIFPASGSTYYNEMFKDKATITVDTSSSTAYMOLSSLTSEDTAVYFCAR 46
SENIVYINFQVYFAYWEQGTTILTVSES

Coaal EVOLGESGRGLVKPSQSLSLTCTVTGFSITS DYAWNWIROFPGSKLEW

ST"-I\.f;" MGFISYSGDTSFNPSLESRISVTROTSKNOFFLOLNSVTTEDTATYYCASY 47

o DEYSFOYWGQGTTLTVSS

Cz494/ EVQILQGSVAELVRPGASVRKISCTASAFNIKDDYMHWVKORPECGLEW

STEMEZ  {IGRIBPAIGNTEYAPKFQDKATMTADTSOSNTAVLQLSSLTSEDTAVYYCA 48
LEDFYAMDYWGAGTSVIVSS

mab VI seguence SEQID NO:
DVLMTQTPLSLPVSLGDGASISCRSSOSIVYSNGNTYLEWYLOKPGQSP

C2519A  {KLLIYKVSNRFGGVRPDRFOGEGSGTDFTILKISRVEAEDLGVYYCFQGSHV P 43
PYTFGGGTKLEIK
ILETGSPAILSYSPGERVSFECRY

C2521A  {SESISGIFSRFSGSGSGTH! 50
LEIK

. DIVITOSPASLAISLGQRATISCRASKEVSTSGESYMPFWYOQKPGGRPKL

:; [;"'EIS LIVLASNLESGV PARFSGSGSGTOFTINIHPVEEEDAAAYYCOHSREIPYT 51

T R GGGTHLEK

2494/ ETIVTOQSPASLSVATGEKVTIRCITNTOIDDVIRWYOQOKPGERPKLLISEG

STUMIB2  {NTLRPGVPSRFSSSGYGTDFVFTIENTLSEDVADYYCLOSBNMLUTFGAGT 52

. e s
in 5hi et ail..

. No., WO2
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diversifving human scaffoclds where germiine

and ILGHVH-51*01 were

J
Y
s
o
<Z
{0

H
ND
{0

o
o

!

recombined with the human I[GHJ-4 minigene via the H3 loop,
and human germline VLkappa genes C12 {(LGKV1I-39*01), L©
5 (LGRV3-11*013, A27 (IGEVI-20*01}), and B3 ({IGKV4-1*(L) were

recombined with the IGKJI-1 minigene to assemble complete ViH

corresponding to positions to be freguently in

16 contact antigens were chosen for

select

diversifice

chn:

o

was limited to residues ococurri

IGHV or IGLV germline

IGLV gsnes. Diversity

15 ttiiizing short to mid-si

aminc acids. The amino

to mimic T

[
[
[
-

braries were named according to their human VH and VL

germline gens origin., The three heavy chaln libraries wesre

combined with the

[

light chain libraries to genervate 24 unique VH:VL

(o}

~

combinations for screening., All 24 VH:VL library

o

comblnations were utilized 1n phage vanning sxperiments

The iibraries were panned using a Fc fusion of the

magnetic beads were blocked in PRS with 3% non-fat dry miik.
The biotinylated (Bt) antigen huST2L-ECD human ¥Fo fusion (Bt~
huST2L-ECD-Fc) with a 10x higher concentration of human Fc

proteln as competitor was mixed libraries.
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The Fab-pliX vhage bound to the Bt-hulST2L-ECD-Fc was captured

on e blocked streptavidin (SA)-coated magnetic beads.

t
Phage selections were performed for three rounds where the

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

1

5 from rounds

was coated on SA coated magnetic beads. Fab-

ok lrjrnﬁL_H i~

f.
W)
{
gl
2

-
1
4

1C 10nM for rounds

oy

oth panning format

Fe protein. A total of 79 Fabs with

from these selections.

by & ranking ELISA to have the best binding activity overall.

15 An

sed L[L~-332 binding inhibiti

verformed on the 79 Fabs. A total of 32 Fabs zhowed
inhibition of 1L-33 binding to huST2L-ECD-Fc. 46 Fabs were

chosen for affinity maturation from the pIX de nove campaign.

93}

20  Example 4. Affinity-maturation of fully human ST2L
antibodies

Select antibodies were affinity-matured using an

)
’._J
O]
-
o
bt
.
c
Lrd
[
o
}...A
r
'..l
Q
,__(

line” maturation process described in 38i

N>
831
<
o

All

cloned into VL maturaticn libravie

(')
‘l"
)

v

accordi

[ve)
<O

their diversificatiocn schemss are

scaffold 1il

shiowrn in Takble 4. The human VL scaffolds are as

(o)

...
~
43
puth
AN
(.1
Y

i
()
5

%
-l
i,

-~
e}
s
—
N

—r

-
e
-~

0
}\
<
L2

A

oa
J—

s \ TN T Y
(L), LGEVO—-Z

(B3} and are described for ample in U.S5. Pat. Publ. No.
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Usz012/0108795.,
libraries were

incubation the

complex wa
5 huST2~Fc
10nM, 1IndM,
performed <«

10nM unlsbelled
improvemaent .
1C

Table 4.

added

added
afalle
ceoncentrations
and 0.

overr 2

For affinity maturation

maturation

to

1 nM.

ight at

huSTZL~ECD~FC

to Bt~
library
the SA-C
varied
The final

room

husST2-

cated mag

temperature

to

nhage/B
I =y

respecti

further drive

PCT/US2013/038637

vannlng, tThe ohage
first After

SL-h ST RCD-FC
netic beads The Bt-

in

Vi fibrary diversification scheme for different scaffolds

Position

Loo o
B {Kabat}

A7

B3

012

SRNTD

RNDGHSY

SRNAD

SNR

RNDGHWY

RNDGHSY

SNRADH

RNDGHWY

NSKD SNKDG

YFHQSEK

YNWR

YWOFHSAN YHNDWFSAY

ADGS

YWNK

ADKGYFTN FYTNKADG

YSHA

SYWH

RYSGF SAYHPD

YNDSHIFKG

SYGN

RHNSL FIYHNDKGRE

SNTDGHR

STER

NDKR STHNDRG

TYLVFAS

WYSH

WA TYLVFSRGPE

WYFLIR

YRWH

WYFLIR LWREYIN

15 A

the maturation

huST2L-ECD were

for

seJuences dre S

total of

hown

L
16l seguenc

DANNINGS

characterization

in

2 UNIgue

Fabs showing
i P
CO LG Ior

Table 5. Maba

~]
N

Fakbs

Sr2Mas,

waers obtained from
nighest binding to

and CDR

ST2ZM50

Cra AN A G
ST2M49,
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and ST2M51 bind human STZL Domain 111, and cross—-r
with mouse 3T2L.
Table 5.
HCDRL HCDRZ HCDR3
mAb D HCID SEQ D SEQID SEQ D
Sequence . Seguence Sequence Ny
NO: NO: NO:
ST2MAB STLHI2S  ITSYWIG 53 JGHYPEDSYTRYSPSFGEH 55 {LSGREGY 57
ST2MA9 STLHIAD  ITSYWIG 53 JGHYPEDSYTRYSPSFGEH 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 . cquence 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  |GHYPGDSYTRYSPSFQGQYTISADKSISTAYLOWS 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:
IVETOSPATLSLSPGERATLSCRASOSVRDALAWYQQKPGOAPRLLIVFA
ST2048  |SNRATGIPARFSGSGEQTDFTLTISSLEPEDFAVYYCQOFNTWPITFGQGT 74
KVELK
EIVITOSPATLSISPGERATISCRASOSVANALAWYQUKPGQAPRLLIYKA
ST {SNRATGIPARFSGSGEGTOFTLTISSLEPEDFAVYYCQQYYGWPRITFGQUET 75
KVELK
EIVITOSPATLSISPGERATLSCRASOSVDUDWLAWYQOKPGQAPRILIYK
2050 |ASNRATGIPARFSGSGSGTOFTLTISSLEPEDFAVYYCQQYNRAPWTFGO, 76
GTEVEIK
DIOMITOSPS WGDRVTITCRASQSISSVENWYQOK PGKAPKLLIYYA
ST2M51  {SSLQSGVPSRESGSGSGTRRTLTISSLQPEDFATYYCQQSYSTRUTFGQETK 77

VEIK

Example 5. Characterization of anti-ST2L antibodies.
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Antibodies derived from various campalgns as described
above were further characterized for thelr ability to block
i irteraction, inhibiticn of IL-33-induced
signaling as measured by NF-KBE reporiter gene assay, ability
antibkodiss to inhibit mast cell responses,
inst nan and cross-reactivi

with mouse S$ST2L. ©oltope mapoing was done using human/mouse
STZ25L domzain swap chimeric constructs as described in
ethods. Resulits of the experimentsz are shown

in Takbles 6, 7 and 8. In Tables 7 and 8, “+7 indicates that
ol antibody blocks IL-33/3T2L interaction, and ™-" indicates
it does not block IL-3 interacticon. Experiments with
CNTO3914 were done using mouse cells and reagents due to lack

cross—reactivity to human., Human cells and human reagents
were used in assays for all other antibedies,

YOUD

red to those

A
RN

z,
N
©
e}

} . antibodies block

e QD ) el wh cas the
CO ol Oomain L, whereas Thne
The antiboed

ron-blocking antibodies bind to
ies tested inhibited STZL

ing as assessed by the NF-KB reporter gene
e e - ~ C T 3 S R TP Y oy e
assay and IL-33-induced release by the KUBLZ human
vasorhil ce ; or 1ln case of CNTO3%1l4, assessed by mouse

ain I
aszeszsed by ine and chemckine secretion when compared to
anti-ST20L antibodles binding ST2L Domain ILL. CNTO39214,
which binds mouse ST2L domain I and does not cross-react with

human also »le to inhibit

o

was

responses.,

t IL-33-induced mouse mast cell

~1
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. Affinity to human §T2L Affinity to cyno ST2L
corresponding
Ao hybrid K KD
whridoma i 5 1o L
k., (M Ko {87} Kon (M7 Ko {57} ,
on (V 8 ) cif S (DM) on ( S} off (Q (pl\ﬂ)
STLMLS {2244 1.02E+06 | 4.25%E-05 42 4.81E+06 | 5.30E-05 11
STLMED C2494 4.26E+06 | 1.19E04 28 4.53E+07 | 5.30E-04 12
e C2519 4.83E+0% | 8.70E-05% 180 7.148+04 | 3.20E8-08 44800
na €2521 65.18E+05 | 4.90E-05 79 447E+05 | 1.66E-03 3710
ST2848 na 1.32E+06 | 7.33E-05 56 1.035+07 | 2.65E-03 257
ST2749 na 1.58E+06 | 1.61E-04 103 4.66E+07 | 1.24E-02 266
ST2MB0 na L.ISE+06 | 5.10E-05 a5 2.01E+07 | 2.49E-03 124
STZMB1 na 1.29E+06 | 4.87E-05 38 A42E+07 | 3.365-03 76
Tabie 7.
B8 hit | Mast cell
corresponding ) “ aso;‘) i s _Le ST2L
mAb , RLB¥ RGA™ | cytckine | cytoking ,
hwbridoma apitope
release release
STLMILS £2244 + + + + hD1
STLMEZ C2494 + + + + kDL
£2519 - " + - hD3
2521 + + hD3
ST2MA8 NA - + nt - h/mD3
ST2M49 NA - + nt - h/ml3
ST2MS0 NA + nt h/mD3
ST2M51 NA - n - h/mD3

#
Reporter gene assay

hD1=human ST2L D1 domain

*Receptor-ligand binding inhibition

mD1=mouse STZL D1 domain

hi3 - human ST2L B3 domain

h/mD3 = human and mouse ST2L D1 and D3 domains

nt= not tested

~]
@3]
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. _— Mast cell
corresponding ) T-cell Peritoniel )
RLB* RGA” cytokine

maAb . . .
hybridoma protiferationi cells lavage .
relegse® ™

ST2L
epitope

CNT33914 C1988 + + + + +

mil

*Receptor-Ligand binding inhibition

#
Reporter gene assay
**Bone marrow derived

Example 7. BST2L domain I binding antibody CNT039%914 inhibits

intranasal IL-33-induced airway hypar-regponsiveness {AHR},

ajirway inflammation and mouse mast cell responses.

Four 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 BALBR/c wmice. Anti-mouse
ST2L antibody CNTC3914 was prophylactically dosed
subcutaneously at 20 mg/kg {(or 2 mg/kg cr 0.2 wy/kag) h
orior to the first I[L-33 intranassl administration. Control
mice received I prior to
first IL-3 -
reszpensivaness Was

measured using

ssuremaent of

(Scireqg, Montreal, Quebec, Canada). For me

r\)

alrway hyper-responsiveness (AHR), mice were anesthetized

with 100 mg/kg pentcbarbital and 13

[@]
o]
=
v

I
0]
(-+
P
.

tracheostomized before
were nebu

with two d

20 mg/nl)y of
and each dose cof methacholineg, Resistance (R} values were

collected fon

verturbation.
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those values with a COD (coefficient of determination) above

0.9.

h

A separate group of mice was treated and analyzed f

owing

[

celliular response in the lungs. Twenty-four hours fol
5 the last miIL-33 isotype or PBS administration, mice were

sacrificed by overdose of Sleepawav® 1.P. Lungs of the mice

]

were lavaged with 0.7 mls of cold ZBS with 0.1% BSA.
1 AL} flulds were centrifuged at
e cell~-free supernatanits were

1C of cyvtokine/chemokines. The

~al counts using a macytometer.,

For differential RBAL counts ~200 cells were ocunted from

aytospin ning with wright

micrescops.

at -807C until used for Luminex protein analyses. The lung

tissues were removed, and then perfused through the right
1
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CNT03914 significantliy d alrway hyper-
responsiveness in the model of lung inflammation induced by

to%)
)
;
._§

']
93]
fent
-
el
;11

drinistered IL-33 (Figure 1). CNTOZ914 was
dosed subcutanecusly 24 hr prior to four dail
intranasal administrations of 2 ug/mouse mIL-33. Peak Airway

Resistance as determined by Flexivent was significantly

a dose of C

-
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represents the mean + SEM of three {(CNTC5516, an isotvype

control antibody) to six mice per group. The results have

3 PR - T I corarata atirAde o I - e p croy o

been repeated in two separate studies. Significance was

determined using the Two-Way ANOVA with a Bonferroni post
5 test, CNTO3914/IL-33 **p<(.05 vs. CNTCS5516/IL-33; and

TN s e ip)s P TT QY vy e NS
*rxnl(0.001, vs., PBS with IL-33 treatment group.

16

b DO A wam o AAesam el ot e alxy DA N
CNTO3914 was dosed subcutaneousliy 24 hr

congsecutive intranasal administrations of 2 mg/mouse miL-33.

BAL leukocytes rreased with IL-33

aduinistration and were significantly inhikited by CNTO3914

group. The results have been repeated in two separate
studies. Significance was determined using the Two~-Way ANCVA

e
{

with a Bonferroni post test, ***o<(.0
Mast cell responses in vive

Mast cells store proteases including tryoptas and

@
)]
O]

chymaases in theilr granutles, which are released guickly upon

CP-1)

mast cell activation. Mouse Msst Cell Protease 1 (mMCP-1

5 a p chymease released by activated mast cells and known to bhe
important for control of parasitic worm infections (Xnight et
al,, J Exp M 9. g4¢ v, 2000 iuntley ¢ a Parasite
Lmmitne used
as a nown to be

& induc

. ~
nd Chen,

mined

Wa s
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CNTO3914 yure 3). Sigrnificance was determined using the

One~Way ANOVA with a Tukev post test, **p<d.01l, ***p<(.001,

vs. LL-33 treatment.

5 Example 8. Anti-ST2L Domain I binding antibodiss inhibit mast
cell responses in vitro
Mast cell responses were assessed by reles

chemckines and cytokines by mouse and human mast

well as prostag

16 Anti-STZL Domain I binding antibody CNTO39

release including GM-CSF

IL-% {(Figure 4B}, an TNFa (Figure 4C)y by mouse bDone marrow-

13 induced by 3 ng/ml IL-33 at antibody

concentrations 2, 10 and 50 pg/n

e
—
'T‘
[
_C
*\'
[0
(&3

e
.

J=i
Fj

Ti-ST2L Domain I binding antibodies C2494 and C2244

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

20 release by human cord blood-derived mast cells at antibody

waa dependent on
cytokine/chemokine measured, the antibody and antibody

-~

concenty tested, and media used

(%) inhibiticn was beiween 50

[\\
o
e
0]
2
=
“

conduct concentration

100% at antibody concentration of 50

SUEM4AS, ST2MA%, STZMS50, and STZME1L

h)
-]

L-33-induced cytokine release

b

inhikition on, or stimulated
by the mast cells (Figures TA-T7E and 8A-8L) at antibody

and 10 pg/ml. The degree of
inhibition was dependent on cytokine/chemokine measured, the

al

antibody tested, and medias used., Calculated average percent
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HCDRL HCDR2 HCDR3
FabiD HiD | Framework SEQID SEQD
Sequence Sequence NO: Sequence NOT:
ST2F& ST2HAT  §WH3-23 SYAMS AISGSGAESTYYADSVKG 1 DPWSTEGSFFVLDY R4
ST2F4 ST2H3G  iVH3-23 SYWMH GISSGGGSTYYADSVKG 82 DGWGTVYFPFDY 85
ST2FL ST2H35  {YHS-51 SYWIG HYPGDADTRYSPSFOG &3 DTADFRRWDFDY $6

LCDR1

LCDR2

LCOR2

Fab iD VLD Framework SEQUD SEQ L
Seguence Sequence Sequence
NG NO:
STIFS AT2L24  Vk-16 RASGEVDDALA DASNRAT 0 QOFYNWPLT 92
ST2F4 ST2L23  {Vk-LA RASOSVRDDLA DASNRAT QQYIHAPLT <3

T2F1 ST2L20 1vk-R3

KSSOSVLYSSNNKNYLA

WASTRES

0 iy b
=i

QQOSNTYRFT

24

Example 11. Affinity-maturation of huwman ST2L

SPIEG

ST28L, ST2F4 and

chain libraries, B3, Lo and

the libraries with the fFab VH

scheme for light chain residues for

o

maturation librarie:

numbering is accerding to

ST2E6 by divers:

regions.

J-2-

n
Q

-
@
03]
=)
A

Kabat.

hinding Fabs

ity-matursed using an

.1 4 M
L., 7 Mol

£

]
N2
(]
G

=
&2

Py

made for

vonding light

and combinin

ilversification

4

B3 affini

ERNENR G i N

jo3]
ot
L

L}f\("‘\t on

v maturation

panning, biotinylated huST2-ECD-Fc was captured on

atreptavidin {(SAa)

¥
3

temperature in the vresence

etic beads at

d 2,

~coated magn

1InM for rou

o0

N

and 0.1 nb

concentrations cf

r
o
3
—
¢
-
i
D
~
1O
j—
r~
E
[#3
i
b
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Scaffold

Position
L6

B3

SENAD

RNDGHSY

RNDGHWY

L1 38e -

RNDGHSY

NSKD

RNDGHWY

YWDFHSAN

YNWR

L2 5 ADKGYFTN

YWHNK

RYSGE

SYWH

RHMSL

SYGN

NDKR

STER

WA

WYSH

WYFLIR

YRWH

The STZE6 light chain maturaticon library selections
vielded improved binders (ST2F14, ST2817, ST2F31 and STZr41)
{(Figure 10 and Figure 11). These were examined as Fabs using

O
)

Proteln strate

ZnM to 4000M

r improve

al

commaoern

heavy

improvements from

ST2F14, ST2¥F17, ST2F31
Z2H41 in 8TZ2F14, ST2¥1i7,
CDR1 and HCDRZ? Kabat

56 and 58 using a

diversifi scheme shown in Table 11. The resulting
heavy chain 1 was palred w inity
improved light chains STZ2L3Z, STZ2L35, 3TZ2L49 and 3ST2L5%, and
this library was panned and screened as described for the
iight c¢hain maturation libraries. agbs with improved bindind
relative isclated and converted to IgG for

further

STLM107, STLMIO8, STLMIZZ, 3TLMi24,

STLMZ08, STLMZ09, STLMZ10, STLMZI1,

STLM214, STLM215, 3S7TLMZ216, STLMZ2LT,
83

. The resultin

g antibodies {STLM1IO3,
STLMZ06, STLMZ07T,
TLMZ21Z, STLMZ213,
STLMZ18, STLMZ19
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STLM220, STILIM2Z1, STLMZ222) (Figure 10 and Figure 11) have

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

T Y o~
STZ2L Pomain

and block 1L-33/87T2L interactio

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

the beginning

10 HCDR3.

Example 11. Human framework adaptation (HFA) of C2484

The framework adaptation process was done as

essentially described in U.8., Pat. Publ. No. U32009/011812
|5 and Fransson ef al.,. J Mol Biol 398:214-231, 2010. Briefl

the heavy and light chaln seguences were compared with the
human germline sequences {(only the “017 alleles as of QOct

2007) using BLAST search against the IMGT database {(Kaas,

al., Nucl. Acids. Res. 32, D2086-D210, 2004; Lefranc =t al.
20 Nucl. Acid Res., 33, DB593-D5%7, 20Ch). Frow this set of

human germline genes, redundan ez {100% identical at
human germlir genes, redundant genes (10 dentical at

amino acild level}) and those with unpailred cysteine

b

The closest matching human germi
the framework and CDR reglons were chossan as

ndraan

germline human frameworks were selected based upon overall

sequence homology and CDR lengths as well as CDR simiiarit

84

esidues

of

pl

niine
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FR-4 was selected bkased on seguence similarity of the

[ GJK germline genes, JKZ for the VL and Cor
f

+3 7T R ] i = q N1l Ao Rag >

the VH chains {Kaas, et al., Nucl. Acid Res. 3Z,

2004; Lefranc M.-P et al., Nucl. Acid Res., 33, DH93-D597,
2

5 2005) with C2484 sequence). Then, the CDRs of (2454
{underiined in Figure 14} were transferred into the selected

the HFA variants,

t
except in the reglon corresponding to the CDR-HLI of Vy. For

this region a combination of CDR and HV, or a shorter HCDRZ

1C (referred to as Kabat-7, see U.S. Pat. Publ. No.

3

i from the non-hun

into the human FRz  hecause the HCDR2 10
in Figure 14 have not found in

antibody complexes of known structures (AL
e =L

VH: SEQ ID NC: 48) is shown Figuvre L4. In the figure, CDR
residues (Kabat}) are underliined, Chothia HV loops indicated

below CDRs, and residues trans

>
fo]

frameworks indicated under EVs (HFA). HCDRZ residues
highlighted in grey were not transferred in all variants.
A 3D homology model for the Fv fragment of CZ24%4 was
constructed using the antibody modeling module of MOE (CCG,

Montreal). The medel was utilized for evaluation of

O

[\\
w
o]
i__:
O
kel
o
?7
i.._!
l,.
o+
N
i...
’.J

tabilities such as exposed methionine and

lation and

tryptophan residues, poten

5o
T
=
[
~
¢)
|83
-

on motifs. In LCDR3, there is a potentially exposzed

Met {M24) sed upon the Fv . To
remove 1t, & variant (STLLZE(, Cl2b) tion

h)
-]

residuse in the CAR

85
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Vi with subs

on of argilnine
residues 94 (CAR -—»Ch

('!‘

leucine

at Ch
AL) was generated and characterized.
The mAbs combining designed

with the

and light chains,
C2494 parents assayed
5 for binding to human ST2L. From the generated HFA io)
mAbs with VH chains having IGHVI-24*01 (SEQ ID NO: 148)
heavy chain frameworks
SHPLes S antibodies well and kound
when combined with various HEA
10C IG 1

light chai
1 (L2} (SE

ns hi AN U' g
(SEQ ID NO: 1507}, 1O(LR) (8RO ID
NO: 151), IGKVL-5%01 (L12} (SEQ ID NO
(LB)} (SEQ LD NO

012) (SEQ ID NO:

4 AN
O L24) 5

12

Y

H and VL
12. Transf

va r-‘ 2y

:

ants are sho
~ = P 4 3

rasidues are u

— - .
and additiona
shows SEQ ID NCs: as
e
2C

each HFA VH and
for

generat

ed mAbs

shows Th

@

“he human

frameworks (combined V and J
transfer C24%4 CDRs.
Table 172

]
(@3}

L chains {(coupled

sequence)

SVL24°
hﬂ_l\’l

>
Ir]‘\ [l vJ g

[
<!
o

;_:*

juKV“L{
JETIENTLSE
>VL24

v”\ujN’LRP
_94'IGLV" 33%(0

3

85

¢
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CTLSSLOPEDIATYYCLOSDNE

-
;_..

Vi=27%01 AZ20 (S
SASVGDRVTLTCL

GSGTDFTLTISSLOPEDVA

136)
QOKPGEKY
(CLOSDNMLTEGOS

o

SVLZ2494~1GK \ ~12*01
DIOMTQSPESVIA \_\.‘\/G] RVELTCL (DL DDV L HWY

GVPSRES C,J’GSC DETLTISSLOPEDFATYY

M
(@)
=
@
wn
]

Jo
o

SVLZ2494-1IGKVI-5%01 L1Z {SEQ ID NO:
DV IHWYQORKPGRAPKLL IYEGN

NS Y T )
\‘Jg_;\'r: KLEIK

._< o

DIOMTOSPSTLEASVGIRVT ITCLT

SVL

LTLISSLORPD

Vo

20 OLTOR WYQOKPGKAPKLL: SGNTLRP
GVPSRESGS LOSDNMLTEGOGTKLELK
SVL2494-1¢
EIVMTQOSPA

25 GLPARESGES

{(SEQ ID NO: 142)
[TC DIDDVIH WYQUKPGKAPKLLIY EGNTLRP

TLTISSLQPEDFATYYC LOS

30

mework adaoted VH chains coupled to

IRE
MDYWGQGETSY

T

C NG o
A _Jg_/ GLEW

V{ /A.Jg_ LD

KATMTADTES?

SEQ ID NO:
SCKVSAFNIK

LRSEDTAVYYCA

40

RVTL .["A D“.E STEDY

45 _DTAVVELK"SL

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 | IGHVI-f*01
VL chains pRE# pDR4211 pDRS87C pDRY8Y1L
Parent* pDR4212 1  STLMI26 STLMIL86 STLM136
SYL2494-IGKV1-39%01 O12b | pDROSBES | STLMI127 STLM187 STLM1O7
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 STLMZ203
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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Frameworks tsed for Human
Framework Adaptation (HFA}

Sequernce SEQIDNO:
Framework V region {| Framework }
origin region origin

e , QVOLVOSGAEY KKPGASYKYSCKVSGYTLTELS MHWV RQARGKE EWMGGFDRE
HBHY1-24%01 Ml - YT 148
DGETIVAGKFQEGRYTMTEDTSTDTAYMELSSLRSEDTAVYYCATWGAGBTLYTVSS

G L i1 EVOLVQSGATVIKKPGATVIISCUVSGYTFTDYYMHWV QOAPGKGLEWMGLV DRED 145
e ) GETIYAEKFOQGRVTITADTSTDTAYMELSSLRSEDTAVYYCATWGOGTLVIVSS )

o o EIVMTOSPATLSVSPGERATLSCRASQSVSSNLAWY QK PGOAFPRLLIYGASTRATGI .
IGKV3-15%01 L2 K2 e . 150
PARFSGSGSGTEFTLTISSLOBEDFAVYYCOOYNN W TFGOGTILE
e . BIOLTOSPSFLSASVGDRVTITCRASOEISSYLAWYQOKP GKAPKLLIYAASTLOSGY P
IGKV1-9%01 LE K2 151
SRFGGSGSGTEFTLTISSLOPEDFATYYCQOLNSYPTFGQGTKLEX
o BIOMTQSPSTLSASVGDRVTITCRASOSISSWLAWYOQK PGKAPKLLIYBASSLESGY )
IGKV1-5%01 112 K2 N 12
PSRFSGSGSGTERTLTISSLQPODFATYYCOQYNSYSTFGAGTHLENK
o _ o HOMTOSPSEYSASYGDRY TITCRASQGISSWLAWY QK PGAPKLLIYAASSLOSG
IGKV1-12%01 L5 ke o o 153
VPSRESGSGSGTDFTLTISSLAPEDFATYYCQOANSEPTFGQGTLEIK
. o BIOMTOSPESLSASVGDRVTITCRASOSISSYLNWY QK PEKAPKLLIYAASSLOSGY P
1GKV1-39%01 012 K2 o o 154
SRPSGSGSGTDFTLTISSLOPEDFATYYCOOSYSTPTRGAGTKLEK

. " DIAMTQOSPESLSASVERRVTITCRASOGISNYLAWY QUKPGKVPKLLIYAASTLOSGY
IGKV1-27%01 A20 iK2 - i 135
PSRESGSGESGTDFTILTIGSLOPEDVATYYCQXYNSAPTRFGOGTKLEIK

kv
w
vl

o - SIQMTQSPESLSASVEDAVTITCQASADISNYLNWYOOKPGKAPKLLIYDASNLETGY
GV 133401 018 K2 ! - i - 156
PSRFSGSGSETOFTFTISALAPEDIATYYCQOYDNLPTFGOGTHIEIK

Example 12. Design of alanine and human germline mutants

for paratope scanning

Site-directed mutagenesis was carrled to assess tThe
as
characteristics. Based upcn the molecular model of C24%4 Py

7 1ty o 7 v i 7 ™ S s EE =N o ~en e 4 3
above a subset of scolvent-exposed CDR residues were predicted

to be involved in bkinding antigen. These were mutated to

alanine and/or corresponding ‘human-like’ residue, which is
the corrvespondling residue in the closest matching germline
gene. D1I01aA (Chothia residuesy, (D104A in SEQC ID NO: 48)

substitution Vi decreased the kg about 4 fold, frowm

P.432107% to

Ag the D101laad substituticon decreased of kg Of

Fab in binding to 3TZL it was expected that the same
t

he 2494

matation may alsc ilmprove the off-rate in

variants. Thus, D10lzA (Chothia numbering) was

o]
O
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incorporated in the VH
ID NO: 143) to generate a VH STLHZ0L (SEQ ID NC: 145).

o

ght ohains S3TLLZ30, STLLZ77
vl L4 r

5 and Table 14} to generate maAbs STLMZ26, STLM227, STLMZ23,
STLMZ2

STLM23Y which were

STLM2Z2¢, STLM2z7, STLM2ZG,

STLMZ3Z therefore have

o
@)
U
o
(a
N
@)
vl
o
I$}
]
[OR
s
@)
e
23]
N
6]
l/
Re)
o
L
-5
]
Q
v
)]

[

dentical LCDR1, LCDRZ,

16 wnen compared to the parent C24%4 antibody and a
HCDR3 (SEQ ID NC: 146, GDRIFYAMAY}) . In additiorn, antibody

rLMZ2e6 VL STLMZ80 had a

: LOSDNLLT (SEQ ID

15 STLHZ20I (SEQ ID NO: 145):

EVQLVOSGAEVRERPGATVKL HWVQOA

i YABKEQG
VTITADTSTDTAYMELSSLRSEDTAVYYCZ uﬁﬁ"a\"?«'

ution:

h_\
<
6}
o
o3
n
+
}__l
.

ID NO: 1l46:

STIMZ66 VL STLMZ80 had a unigue LCDR3: LQSDNLLT

25 Example 13. Characterization of anti-S8T2L antibodies
Antibodies obtained from phage display, hybridoma

and human framework adaptation campaigns were

=

characterized in varicus assays including binding to

huST2L-ECD, cynoST2L-ECD, affinity measurements,

(9]
o

binding to human/mouse chimeras to determine domain

O
O
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human ST2L affinity cyno ST2L affinity ST2L-ECD
KD KD domain
Kon {M7s ) kerfs™) | (BM) Tk (MTS )] korr(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

o

campalgn in relation to the varent (3STLM62, C2494) are shown

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

sxpariments were performed at 25°C using Proteln's PRS-T-
buffer (PRS, 0.005%P20 and 3 mM EDTA) asz running buffer. To

O
N
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verform the experiments a GLC sensor chip was prepared by
covalent immobliization of geoat anti-human ¢ (~5800 Rus) 122

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

was followed by injection of ST2L-ECD from 0.024-15 nM (5-

~ R T S - (AL P { =T - { 1T Sma aal
5 fold diluticns) for 4 min (200 pL at 50 pL/miny. The

. PR T . " : PR -2 5 2 P N - :
disscociation was monitored for 20 minutes for aill reaction.

eneration was performed

Re

glycine pH1 5. The data was fitted to a 1:1 with baseline

1C Associaticn rates for the samples are fast, the

with mass tr mod=l was used for

lon of Affinity. All of the samples had faster

7 ~ oy s oy Y =y
olone and control Mab.

nan the
dlfference in off rate was the oprimary contributor to the

the HFA variants when compared to the
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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
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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 (.44 110 NT o
STLM108 0.23 2.34 -+ o
STLM118 0.28 6.71 NT +
STLM123 0.28 1.2% NT o
STLM124 0.35 .87 + o
STLMZ208 0.40 8.67 + o
STLMZ207 0.38 2.30 NT o
STLMZ08 0.47 861 + o
STLMZ08 0.32 g.97 + o
STLM210 0.30 2,10 NT -y
STLM211 0.28 ) NT i
Phage STLM212 0.33 432 NT +
display | STLM213 0.34 (.49 S -
STLMZ214 0.28 252 NT -y
STLM215 0.29 1.30 NT i
STLM216 0.30 1.86 NT i
STLM217 0.49 1.69 NT i
STLM218 0.42 1.33 NT i
STLM218 0.29 3.16 NT i
STLM220 0.39 3.60 NT i
STLMa21 0.39 2,79 NT +
STLM222 0.25 1.88 NT i
STLM226 0.26 0.25 S b
STLM227 0.17 0.22 S b
STLM228 8.26 0.28 S b
STLM229 3.29 0.32 S b
. STLM23G 0.28 015 S b
HFA STLM231 0.26 1.10 + +
STLM232 3.31 0.15 b gk
hybridoma { o vsor | 070 o1l ++ ++
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]
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3ng/ml IL-33-induced IL-5, IL-13 and
1L~8 release from human cord blocd-derived mast ce
described using 100 ug/ml, 1g/ml, 0.1 ng/mi or
5 .01 ug/mi antibody in RPMI In these assav

hibited IL-33-induced IL-

conditions all antibodies
Concaltions, ali Aantipodles

o
o
o]
o
-
=N
]
[
{
b
o
(@]
e
o
o
o
B]

5, IL-13 and IL-8 c¢ytokine

antibody concentration 100 ug/m
sample induced with IL-33.

10
Example 14. Anti-ST2L antibody inhibits downstream signaling
pathways in human basophils

d for their

1=-8T21L Wibedi

inhibit p38 MAPK szlgnaliing 1ln human kascophilils.

N3

collected

>
fo]

. g o i . 5 ey -
concentration of 2, Z0, or 200

gently to mix and placed in incubat

swirling gently after 15 minutes. Blood was then stained

(D

with fluorochrome-labeled antibodies asgainst cell surfacs
antigens (CDIi23-FITC, CRTHE2-FPCP-CYS.5, and CD45-APRPC-C7) and

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

Y
o

mec N-sTrep ) W

cult

sach tube befors I[L-33 diluted in warned culturs wnsedia was

r
-
-
'ﬂ‘
3
~
[L®]

Sy
=

minutes prior to the addition of 20

30 s of pre-warmed BD Phosflow Lyse/Fix buffer to each tube,

in order to simultaneously lyse the red blcood cells and fix
the samples. Tubes were mixed wel

incubated 10 minutes. Samples were washed with 20

mlLs steri

3

O
o

¢
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Perm/Wash Buffer, and incubated at BT x 30 minutez. Samples

were washed once with 2 mLs BD Perm/Wash buffer and then

P
89}

3D Perm/Wash buffer. PE-
antibody against intracellular p38-MAPK (vCell Sicnaling,
t

Cat. ©90858) was added and samples were incuba

RT, protected from licght. Samples were washed once with 5

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

buffer and transferred to a %6-we

1
Samples were analyzed using @ BD LSRII Flow Cytometer

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

ot 3
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CRASTCRTH2 ' Cp123" of P38 MAPK positl

each conditicon. Pre-incubation of

mAB (ST ed in a dose-
dependent inhibition of IL-33 induced p38-MAPK
vhosphorviaticn, whereas no effect was seen with isctype
ntrol (CNTO 8537). The anti-human ST2L antibody
speclifically blocked basophil activaticon by recombinant human
IL-323 in the context of whole bicod., The results suggest

that anti-STZL antibodies inhibit signaling by endogenous I1L-

O
-
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Isotype
control | % phosphorylated

p38& MAPK

iL-33 STLB252

{10 ng/mi} {ug/ml} {pg/mL}

- O 2.2

+ 0 80.6

+ 2 44.4

+ 20 15.7
1.2

76.7

+ 200

[N o T I o 2 B e T B o N (N 4 )

+ G 200 77

5
Example 15, In vivo target engagement by anti-ST2L antibody
Intranasal mIL~33 & hour in vive model of BAL cell
recrultmant

10 A single dose of 1.2 ug/mouse mlIL-33 {R&D svstems
$3626-ML/CE) or PRS was administered to male Balb/c mice (6-8

weeks old, Taconi CNTO 3914

mIL-33 intranasal administration.

W
Q
o

[

kel
0]
]
o
)}
pars
-
o
}..J
ju—
3
@]
3
g
[
¢

ja

15 CNTO 5516 was dosed subcutane

@]

folicowing the mIL-33 {or PBS) administraticn, mice were
sacrificed and blcod was collected for serum analy

Bronchoalvecolar lavages (BAL} were performed by

volumes of 0.7 mL of PB3/0.1% BSA into the lungs
20 retrieving the effluent. The BALs were centrifuged {(1Z200rvom,

T

10 minutes) and the cell pellet was resuspended in 200unl FBS
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for total and dif

{on Wright’s - Giemsa-stained cvtosoln preparations).

Measurement of CNTO 3814 in mouse serum

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

remove assay fuffer 20

well of 1.4 ng/mL bioctiny

er were added

i

16 in the refrigerator, 150 plL of assay

jO]
6]
¢

well of the pre-c

<

without removing the coating reagent and incubated for 3

i

minutes. The plates were washed three

with wa

on the olate washer. The were

buffer

the plate washer., 50ul per well cof titration of ruthenium-
20 labeled mouse anti-mouse IgGib (BD Biosciences) was added to

with gentle vortexing at ambient temp. The p

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

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

[\\
o
5
o
=
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—
3
[B]
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o
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“r
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l._.
e

read on the MSD sector imager 6000 Readsr

levels.

Whole Blood Assay

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

w

-]

9
o

Penicillin+streptomycin solution +/~ 10 ng/mi mouse IL-33 in

Sarstedt filter tubezs. The tubes were incubated at 37°C

[0}

overnight, then cytokine and chemokine levels were measured
1

on the supernatants using the Millipore Mil

O
O
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Cytokine/Chemckine Kit according to manufacturer’s
instructions.
Results
5 Anti-ST2L antibody was detectable in the serum of mice

24 hours post-dosing with 0.2 or 2 mg/kg CNTO 391
16A).

Intranasal administration of IL-33 induced celil
recrultment to the alrways at 6h {Figure 16B),., Anti-STZL mib
16 adrninistration reduced BAL cell recrultment; 0.2 mg/kg was
minimum dose significant inhibition of BAL
cell recrultment Statistical significance was

Whole biococd stimulataed with mouse IL-33 showed
15 increased levels of cytoki nes, i1
(Figure 16C) and MCP-1 (& ~er 24h.,  In mice
dosed with 20 mg/kg or 2 mg/kg anti-ST2L mAb CNTO 3814, IL-6
and MCP-1 levels were reduced compared to CNTOSL16 (isctyoic
control anti-mouse IgGl), implying target engagement. Th
20 minimum dose that correlated with inhibition in the whole
blood assay, 2 wmg/kg, also inhibited BAL cell recruitment
{(Figure 16B).
Collectively this data confirms that the anti-STZ2L wAb
site of action and the intended pharmacologic effect
25 was accomplished {(implies target engagement) .
were conducted

te select anti-STZ0 antibodies.
30
Competition binding assays
Competition binding assays were performed to
different binding epitope groups for anti-ST2Z2L mA

N
T

Hi

\/\

was ccated on MS

ug/mly of ST2L-ECD protein

LIlD
o}

™4
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_____ e biscovery, Gaithersburg, MD) per we
room temperature. One-hundred and fifty microliters of 5%
cale Discovery, Galthersburg, ML
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.

Fh
O
ju-
[
o]

ywed by the additicn of the mixture of

the MSD sscence dyve (sulfo tag, NHS ester) labeled

s

individual an
Labeled antibo ted with increasing

1C concentrations

J o a v o
degignat

rL mixty incul on with gentle shaking at

roon tempera washed 3 times with §.1M HEPES

buffer (pH 7.4). MS3D Read Buffer T was

ited with distil

and diszpensed at a velume of 150 uL/well and
ey T

SECTOR Imager 6000.

antibodies were used

STZL Pomain I binding neutralizing antibodies STLM2Z08

STLMZ13, C2244 (STLM1S5) and C24%4 (STLM62), ST2L Domein III

>
fo]

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

antibody C2240 bindi Domain I human STZL.

7B shows the competlition experiments. Based on the

C2z44, C24%94, STLMZ08 BinB: mabk C2240, BinC:

)
(63}
)]
b
(63
A
o
=
o
0]
(4_:_
o
o}
[N
0]
n

IL33/572L interaction and

er= found in the same epitope

competition data 1s shown in Table 20.
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Competitor Labeled Antibody

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

STLMZ08 - -

STLM213 - -

e T
SR T I

Epitope mapping: H/D exchangs analysis
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previously {Eamuro, Y., et al., Journal of Riomolecular
Technigues, 14:171-182, 2003; Eorn, J. E., et ali.,

figation.

C-terminal

Recombi

His~-tag) (residues 18-328 of SEQ ID NO: 157) wes incubat

atoms. The deuterated 3TZ-ECD was captured on a column
containing immeobilized anti-ST2L C2244 Fab molecules and then

agqueous buffer. The back-exchanged

g
’D
ja
.
-
Y
-+
=)
o

protein was el: column and localization of
deuterium containing fragments was determined by protease
estion and mass spec analysis.

8 shows a simplified H/D exchange map of the

human ST2-ECD C2244 ¥ab.

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

}_‘l
P
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ID NO: 1. The data indicates that C2244 binds to

epltope RCPRQOG

SEQ ID NO: 210}, and that antibodies
competing with C2244 (C2494, STLM208 or STLMZ13) are

2

to pbind the same or overlapping epitope.

Epitope mapping by mutagenaesis

Several STZL mutants were generated havin

to]

substitutions to corresp

-4
—
5
=
®
o

tested antikbodies
16 therefore 1t is expected

and/or redu

O
D
jo)
._3
5

b

the substitution sites on ST2L. Variants wers made into

=thods., Antibedies were

variants by ELISA or Proteon.

Surface Plasmon Resconance
Binding studies were performed using the Proteln XPR36

Protein Interaction Array system {(Bico-Rad) (Bravman T, et al.

()
=
]
ol
l.../
gy
l.J.
[¢]
O
=
]
=
{
53
O

58:281-288, 2006). Anti-human/anti-mouse Fo
ture {(Jackscon ImmunoResearch, Cat#, 109-005-088/115-005-

x
C71) was immoblliized on the GLC

chemistry. Individual anti-ST2L

flowing (1 Mg

5 containing 0.5% Nonidet P-40 and

i -~ E = e o e e
signal in the surfaces reached

confirming that these antibodies

e) was injected in

A353YS Wers
performed at 25°C. The ST2L-DLD2

el »‘w o

,AL\«'II

cotained by doubls

}_n
-
(&8}
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response observed on surfaces ilmmcbilizing th
alone, and the signal observed injecting the vehicie alone

{(which allows correction for binding-independent responses).

Jo-3

The resulting sensorgrams were fitted by the simplest

interaction model (Proteln analysis software}, to obtain the

corresponding

and kab .

variants. Variant 923NLY%4 {(substi

reduced binding affinity of both

—+

S~fold from about 10.8x107 M to
significant reduction of binding affinity ilmplies that the
binding energy for the interaction betwesen antibody and STZL-

iD NO:

contribution from this 93NLS%4 site. numbering 1

NO: 1.

according

Example 17. ST2L Domain I binding antibodies inhibit primaxy

human lung mast cell responses in vitro

o
i
o)
P
2
o)
o]
s3]
o
ot
ot
o
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o
D
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Ability of the ST2L Domain
inkikbit lung mast cell responses were assessad by relesase of

chemokines and c¢vtokines in

Iscolation of primary human lung mast cells
Primary human lung mast cells wer

the Int

0]
e}
&
o+
o
’.
-
]
w
(o3
b+,
b~
ri-:

wn-smoker tisasu

. Cells

airways by mincing, washing,

csue overnight

ccecllagenase an ase enzymes, (Cells were collected,
S A . o A - Tt e the
washed, Ce an enrichment procedure using the

CD1L7 MicroBesad Kit {(human) from MACS Miletnvi Biotec to

PCT/US2013/038637
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rozitively select the mast cells from the population. Priorx
Lo experimentation, mast cells were cultured for 6 weeks in
StemPro-34 + 200ng/ml stem cell factor. Two weeks after
isolation, cells were phenctvpically characterized using flow
5 cytometry to determine the percent mast cell purity. The
cells used in subseqguent assays were 69% double positive for
CD1i7 ({C-k cr stem cell fasctor receptor) and FciRI (the

high affinity

T o,

pesitive for STZL; the

1C phenctype.

r}. Furthermore, they were 2%
reby their mast cell

Cyitokine release assay from primary human lung mast cells

Prim

5

ary human cells that had beenrn cultured in
StemPro=34 + 200ng/ml stem cell factor for aprroximately 6
15 weeks were collected, and washed by
{10% heat-inactivated FCS8}. Cells were counted and plated in
RPMI / 10% FCS medium at a density of 65,000 cells in a 926
well plate. The Anti-ST2L Domasin I nding Mabs were added
to the primary lung mast cellis, and allowed to bind for 30
20 minutes at 37°C priocr to stimulation with IL-33. Cells were
stimulated for 24 hours with 3ng/mi IL-33 in order to
initiate accumuliation of various mediators into the culture
supernatant, Culture supernatant was harvested and stored
frozen until assaying in a custom Milliplex S-plex kit.

Ny
o

3 (Figure 20D) release in primary human
ibody 100 pg/mi, 10

rg/ml and 1 pg/ml. Similar results were obtalned using the
30 cord blood-derived mast cells {(data not shown).

=
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An isclated human or human-adapted antibody

binds Domain I (SEQ ID NO: 2) of human

dissoci

ntagonist or fragment thereof that spe

lated antibody of claim 1, where

dy blocks IL-33/8TZL interaction.
lated antibody of claim 2 having a

ation constant (Kyy to human ST2L betweer

about Bx107% M to about 7x107° M, an on rate constant

{ T 3 .
{Kon}) to

1%10°% M~

The iso
dissoci

‘CYyno)

y P N B
aboul Zx10 M, an on

aetween azbout 1xl
lated a

ation

human ST2L between about 2x10° M 's™" to about
s, or an off rate constant (K.erd To human

C oAb
v

s to about 1xI0™C s,

3

Wwibody of claim 3 having a

ST2L (SEQ ID NO: 2) between about 3z107" M to

rate constant (Ke,) to

4
~1 -

about 4%10° Mtz to about 1x10% Mzl or an

te constant {(E.ee) Lo cyno STZ2L between about

to about Ix10 = 7.

The isolated antibody of claim 4 comprising:

1) a heavy chain complementarity determining region

{HCDR} 1 (HCDRI}ef SEQ ID NO: 160 (X XX MXp);

wherein

.
P
S
-
,
¢
wn
-
as
-~
't
[t
3

b) a HCDR 2 (HCDRZ) of SEQ ID NO: 161

{X51X

OB T QNI < UL
GXGGXgTHYADSVRG) ; wherein

¥5 is A, S,

—3
~
=
o
i-’
J
~s

Xe is S, R, E, K, G or A;
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dy a ligl

M

{DASNEAT) ;

th
~—

{QOK13X14%1 5%

a HCDR

a LCDR 2
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g) the VE cof SEQ ID NO: 191 and the VL of

209,

5
9!
e
O
i
-

NO:

N e

7) The isolated antibody of claim 5 comprising the

HCDRY, the HCDRZ, the HCDR3, the LCDR1, the LCDRZ and

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

90 and 131,

¢y SEQ ID Nos: 78, 81, 854, 130, 90 and 132,
respectively;
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90 and 134,

£} SEC ID NCs: 95, 10982, 84, 130, 20 and 131,
respectively;

ana

~..
l._.\
i...\
[}
-
o0
[
~
’ Y
(V]
-
-
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i—l
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h}) SEQ ID N
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i) SEQ ID NOs: 96, 110, 84

PInN
-

3
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<

.
Xe]
[
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3
O
.Y
(.
PInN

-

ot
[UV]

7} SEQ ID NOs: 97, 111, 84, G, 90 and 134,
respectively;

ky SEQ ID NCs: 97, 112, 84, 130, 90 and 134,
respectively;

1)} SEQ ID Nos: 98, 113, 84, 130, 20 and 134,

o QT i S i T
respectlivelyy
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respectively;
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antibody

HCDR1, the HCDREZ, the
the LCDR3 of:

aj) SEQ ID NCs: 23, 27,
respectively:

b) SEQ ID NO

9]

NS

iy
~

.
“

PR N
respectively;

NOs: 24, 28,

ot

antibody competes
NO: 1)

cnaln

variable region

e

light chain variable <

ID NO: 1

7, 114,

{RCPROGKPSYTVDW;

8¢, 130,
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; 114,
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LCDR1, the
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90 and 134,
90 and 134,

and 134,

and 134,

90 and 134,
90 and 134,

the

LCDRYZ and

31, 35, 29 and 43,
32, 36, 40 and 44,
146, 38, 40 and 147,

o, 36, 40 and
claim 2,
binding to human
COMPY

D

eglion {VL)

I 4 Dot n el oo e £ K e .
) The isclated antibody of claim 9, wh

- R A, T oy Sy oy -y
antibody binds human ST2ZL at amino acic
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te

-

NO:
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113 The isclated antibody of claim 10, wherein the
I

[als1ko]

antibody further binds human STZL at amino acild

o I NO: 1.

w

o - o
, o
84 of SE

12y The isclated antibody of claim 1, comprising a
heavy chain variable region (VH) comprising a VH

Py

framework derived from human IGHV3-232 (SEQ

Db
158y, IGHV1-24+*01 {(SEQ ID NO: 148) or IGHVI-f*01 (SEQ
ID NGO: 1492) framework seguences, and a light chain
variable region (VL} comprising a VL framework
derived from a human IGEKV3-11 (L6} {(SEQ ID NO: 1593},

IGEV3-15*01 (L.2) (SEQ ID NG: 150),

4

IGRViI-9*01 (L8)
{(SEQ ID NO: 151), IGRKVi-5*01 (L12) (SEQ ID NC: 152,

TGRVI-12*01 (L5)

1 which i1s of IgGli,
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14) The isclated antibody of <claim 13 having a
substitution in an Fo region.

A

153 The isolated antibody of claim 14, wherein the

according to the EU numbering,

-

16} The iscolated antibody of claim 12 comprisir

VH at least 20% identical to the VH of SEQ ID NO: 191

identical to the VL cf SEQ

ID NO: 209,

T
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comprising the

respectively;

raespactively;
regpectively;
regspectively:
respectively;
regpectively;
regspectively:
respectively;
regpectively;
regspectively:
respectively;
regpectively;
regspectively:
respectively;
regpectively;
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respectively;

respectively;
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ID NOs: 143, 144, 145, 186, 187, 197, 198, 198, 200,

201, 202, 203, 204 or 205, or the VL of SEQ ID NO=z:

21}y A host cell comprising a vector of claim 20.

22} A method of producing an antibody of «.

aim 18,
comprising culturing a host cell of claim 21 and

5

- 2 . p 2 3 o " ¥ 3
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.

4}y A method of treating or preventing a STZ2L-mediated

conditicon comprising administering a therapeutically
effective amount ¢f an isclated antibody of claim

aim © to a patient in need therecof for a time

sufficient to treat or prevent the STZ2L-mediated

53 The method of c¢laim 24, wherein the STZL-mediated

conditicon 1s asthma, airway hyper-reactivity,
sarcoidosis, chyronic obstruchtive

Ny \w—)) _._d.lv. =

pulmeonary fibr

h

ibrosis, inflammatory bowel disease, {(IBD),

-~

eosinophilic esophagitis, sclercderma, atopic

dermatitis, allergic rhinitis, bullous pemphigoid,
chronic urticaria, diabetic neghropathy, rheumatoid

arthritis, interstitial cystitis or Graft Versus Host

-
l o
U
B
o
).u
w0
U
f\
W

—
o
(
o
=
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~
-~

O
[
k
)

is asscciated with inflammatory
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cell recrultment in lung, goblet cell hyperplasis,

increased mucous secretion or mast cell reszpornse.

26) A methoed of inhibiting mast cell response in a

adminis a therapeutically

patient compris

effective amount of an isclated antibody o
To a patient in need thereof for a tTime sufficient to
inhibit the mast cell response.

27} The method of claim 26, wherein the inhibkiting

respenge comprises inhibiting the level of

mast cell

GM-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
STZ2L in a sublject, comprising administering to the
subject an antibody that specifically binds deomain T

frficient to inhibit the

of STZ2L in an amount si

L

oo ol

interaction of IL-33 and ST2L.

28}  The method of claim 28, wherein the subject has a
STZL-mediated conditicon.

30) The method of claim 29, wherein the ST2L-mediated
condition is asthma, alrway hyper-reactivity,
sarccoidosis, c¢hronic cbstructive pulmonary disease

(COPD), idicpathic pulmonary fibrosis

fibrozsis, inflammatory bowel disease,

gosinophilic esophagitis, scleroderma, atopic

chronic urticaria, diabetic nephropathy, rheumatold
arthritis, Iinterstitial cystitis or Graft Versus Host
yisease (GVHD), or isassociated with inflamnatory

cell recruitment in lung, goblet cell

hypeerplasia, or

(i

[y

increased mucous secretion, or mast cell r

73
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]
n
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