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ST2 ANTIGEN BINDING PROTEINS

CROSS-REFERENCE TO RELATED APPLICATIONS

[6001} This application claims priority to U.S. Provisional Patent Application No.
61/792,619, filed March 15, 2013, and U.8. Provisional Patent Application No. 61/649,147, filed

May 18, 2012, which are incorporated herein by reference in their entirety.
REFERENCE TO THE SEQUENCE LISTING

[00062] The present application is being filed along with a Sequence Listing in electronic
format via EFS-Web. The Sequence Listing is provided as a text file entitled

Al712WOPCT _ST25.txt, created May 17, 2013, which is 189,804 bytes in size. The
information in the electronic format of the Sequence Listing is incorporated herein by reference

in its entirety.
BACKGROUND OF THE INVENTION

[0003] ST2 is a binding receptor for interleukin-33 (IL-33), a cytokine related to IL-1 and
TL-18 and also knows as NF-HEV or IL-1F11. ST2 is expressed as both a soluble non-signaling
variant (sokuble ST2 or §8T2) and a full-length membrane-spanming form (FL ST2, ST2 or
ST2L) that mediates cellular responses to 11.-33. The latter form is expressed on a wide range of
cell types implicated in pathologic inflammation in a number of disease settings. These include
lymphocytes, particularty IL-5 and IL-13-expressing T helper cells, natural killer (NK) and
natural killer-T (NKT) cells, as well as many so-called innate immune cells, such as mast cells,
basophils, cosinophils, macrophages and innate helper cells (also known as nuocytes (Neill,
Wong et al. 2010y, IL-33 binding to ST2 on these cells leads to the recroitment of a broadly-
expressed co-receptor known as the IL-1R Accessory Protein (AcP) and the activation of pro-
inflammatory signating, similar to IL-1 and IL-18. IL-33 is thus able to directly activate ST2-
expressing cells or enhance their activation when in the presence of other activating stimuli.
Examples of TL-33-induced cellular responses include the production of inflammatory cytokines,
such as IL-5, IL-6, IL-13, TNF, IFN-y and GM-CSF as well as the production of chemokines,
such as CXCL8, CCL17 and CCL24. 1L-33 has also been shown to enhance acute allergic
responses by augmenting mast cell and basophil activation triggered by IgE receptor signaling or

other mast cell and basophil activators. IL-33 will also enhance the recruitment, survival and



WG 2013/17376% PCTAUS2013/041656

adhesive properties of ST2 expressing immune cells and thus is important in provoking and
sustaining cellular inflammation in local tissues.

[0604] The pro-inflammatory actions of IL-33 on innate and adaptive immune cells
culminate to promote a number of pathologic processes. In the tungs, these include increased
airway inflammation, mucus production, airway hyper responsiveness and fibrotic remodeling.
I1-33 can also contribute to localized inflammation in the joints as well as cutancous and
articular hypernociception, by promoting the production of proinflammatory cytokines (Verri,

Guerrere ot af. 2008; Xu. Jano et al. 2008). Excessive 11-33 has been linked to pathologic

collagen deposition and fibrosis and also contributes to epithelial damage in the setting of
inflammatory bowel disease. Through its potent effects on basophils and IgE-sensitized mast

cells, 1L~33 can also trigger anaphylactic shock (Pushparai, Tay ot al. 2009) and may play a

contributing role in allergic disease, Many of these diseases are chronic and progressive in
nature and difficult to treat and there is a need for more effective treatments.

{6005 Consistent with its documented biologic effects, there are several lines of evidence
that the I1-33/ST2 pathway contributes to human disease. For exarnple, abnormally high
expression of IL-33 is found in diseases involving inflammation in mucosal tissues and articular

inflammation. These include asthma (Prefontaine, Laioie-Kadoch o al. 2009; Prefontaine,

Nadigel et al. 2010), inflammatory bowel disease (Beltran, Nunez et al, 2010; Pastorelli, Garg ot

al, 2010; Sponheim, Pollheimer et al. 2010) and rheumatond arthritis (Palmer, Talabot-Aver et al.

2009; Matsuvame, QOkazald ef a}. 2010). 1L.-33 expression is elevated in psoriatic skin

(Theoharides, Zhang et al. 2010) and the skin of atopic dermatitis patients (Pushparaj, Tay et al,

2009) and is also increased in pathologic settings of fibrogis, such as systemic sclerosis (Yanaba,

Yoshizaki et al. 2011) (Manetti, tbba-Manneschi et al. 2009) and liver fibrosis (Marvie,

Lisbonne et al 2009). The concenfration of circulating soluble STZ is also elevated in numerous

disease situations, further indicating a link between this cytokine pathway and these diseases.

Examples include asthma (Kuroiwa., Arai et al, 2001; Oshikawa, Kurofwa et al. 2001, Ali, Zhang

et al, 2009), chronic obstructive pulmonary disease (Hacker, Lambers et al. 2009), pulmonary

fibrosis (Tajima, Oghikawa et al. 2003), sepsis and trauma (Brunner. Krenn et al. 2004), HIV

infection (Mivagakd. Sugaya et al, 2011), systemic lupus erythematosus Mok, Fuang et al

2010), inflammatory bowel disease (Beliran, Nunez et al. 2010} as well ag theumatoid arthritis,

sclerosis, Wegener’s granulomatosis and Behchet disease (Euroiwa, Arai et al. 2001) and

cardiovascular disease (8hah and Januzzi 2014). IL-33 potentiates cosinophilic inflammation

and there is evidence this pathway is involved in eosinophil-associated disease, such as



rhinosinusitis and nasal polyposis (Plager. Kah] et al. 2010) and eosinophilic bronchitis (OQshikawa,

Kuroiwa et al, 2001).

[0006] Additional evidence linking the IL-33/ST2 pathway to human disease is provided by genetic
studies, which have identified IL-33 and/or ST2 gene polymorphisms in the general population that are
significantly associated with increased risk of disease or parameters of disease severity. Several large
genome-wide association studies have linked genetic variation in ST2 (IL1RL1) or I1-33 with increased

risk of asthma (Gudbiartsson, Biornsdotiir ef al. 2009; Moffatt, Gui et al. 2010; Wu, Romieu et al. 2010)

and other studies bave genetically linked this pathway to increased asthma severity (Al Zhang et al,

2009) and bronchial hyper responsiveness (Reijmerink, Postma et al. 2008). Similar findings have

genetically implicated this pathway in éliergic disorders such as atopic dermatitis (Shimizu, Matsuda ef al.

(Buysschaert, Grulois et al. 2010).

[8067] Collectively, these links to several human discases and the ability of this cytokine axis to promote

many forms of harmful inflammation imply this is a useful target for therapeutic intervention.
SUMMARY

[0008]) The present disclosure provides anti-ST2 antigen binding proteins, e.g., antibodies and functional
fragments thereof, having propertics amenable to conumercial production and therapeutic use in humans.
The anti-ST2 antigen binding proteins are particularly useful in methods of treating diseases and disorders
associated with the 11.-33/ST2 axis. Provided herein are ST2-binding antibodies that bind ST2 with high
affinity and effectively block IL-33-binding, thereby reducing IL.-33-mediated signaling in the cell.
[0009] In one aspect, there is provided an isolated ST2 antibody comprising a lght chain variable domain
that comprises an LCDR1 as set forth in SEQ ID NO:107; an LCDR2 sequence as set forth in SEQ D
NO:118; and an LCDR3 sequence as set forth in SEQ 1D NO:129; and a heavy chain variable domain that

- comprises an HCDRI as set forth in SEQ ID NO:41; an HCDR2 seguence as set forth in SEQ ID NO:52;
and an HCDR3 sequence as set forth in SEQ 1ID NO:63. In a first example, the ST2 antigen binding
protein comprises a) a light chain variable domain having at least 90% identity, at least 95% identity, or is
identical to the amino acid sequence set forth in SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97, SEQ ID
NQO:98, SEQ ID NO:99, SEQ ID NO:100, SEQ ID NO:101, SEQ ID NO:102, SEQ ID NO:;103, SEQ ID
NO:104, SEQ ID NO:105, SEQ ID NC:163, SEQ ID NO: 164, or SEQ ID NO:165; b) a heavy chain
variable domain having at least 90% identity, at least 95% identity, or is identical to the amino acid
sequence set forth in SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ IID NO:32, SEQ ID NO:33,
SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID N(O:37, SEQ ID NO:38, SEQ ID NO:39, SEQ
ID NO: 145, SEQ ID NO:146, or SEQ ID NQO:147; or ¢) the light chain variable domain of a) and the

fieavy chain variable domain of b}.



10010] Preferred antigen binding proteins of the first example include those comprising a light
chain variable domain having at least 90%, at least 95%, or is identical to the amino acid
sequence set forth in SEQ ID NO:95 and a heavy chain variable domain having at least 90%, at
least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:29; those
comprising a light chain variable domain having at least 90%, at least 95%, or is identical to the
amino acid sequence set forth in SEQ ID NO:96 and a heavy chain variable domain having at
least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NG:30;
those comprising a light chain variable domain having at least 90%, at least 95%, or is identical
to the amino acid sequence set forth in SEQ ID NO:97 and a heavy chain variable domain having
at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:31;
those comprising a light chain variable domain having at least 90%, at least 95%, or is identical
to the amino acid sequence set forth in SEQ 1D NO:98 and a heavy chain variable domain having
at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:32;
those comprising a light chain variable domain having at least 90%, at least 95%, or is identical
to the amino acid sequence set forth in SEQ ID NO:99 and a heavy chain variable domain having
at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ 1D NO:33;
those comprising a light chain variable domain having at least 90%, at least 95%, or is identical
to the amino acid sequence set forth in SEQ ID NO:100 and a heavy chain variable domain
having at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID
NO:34; those comprising a light chain variable domain having at least 90%, at least 95%, or is
identical to the amino acid sequence set forth in SEQ ID NO:101 and a heavy chain variable
domain having at least 90%, at least 95%, or is identical to the amino acid sequence set forth in
SEQ ID NO:35; those comprising a light chain variable domain having at least 90%, at least
95%, or is identical to the amino acid sequence set forth in SEQ ID NO:102 and a heavy chain
variable domain having at least 90%, at least 95%, or is identical to the amino acid sequence set
forth in SEQ ID NO:36; those comprising a light chain variable domain having at least 90%, at
least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:103 and a heavy
chain variable domain having at least 90%, at least 95%, or is identical to the amino acid
sequence set forth in SEQ ID NO:37; those comprising a light chain variable domain having at
least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:104
and a heavy chain variable domain having at least 90%, at least 95%, or is identical to the amino
acid sequence set forth in SEQ ID NO:38; those comprising a light chain variable domain having
at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:103

and a heavy chain variable domain having at least 30%, at least 95%, or is identical to the amino
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acid sequence set forth in SEQ ID NO:39; those comprising a light chain variable domain having at least
90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:163 and a heavy
chain variable domain having at least 90%, at least 95%, or is identical to the amino acid sequence set
forth in SEQ ID NO:145; those comprising a Hght chain variable domain having at least 90%, at least
95%, or is identical to the amino acid sequence set forth in SEQ ID NO:164 and a heavy chain variable
domain having at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID
NO:146; and those comprising a light chain variable domain having at least 90%, at least 95%, or is
identical to the amino acid sequence set forth in SEQ 1D NQO:165 and a heavy chain variable domain
having at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:147.
{6611} In another aspect, there is provided an isolated ST2 antibody, comprising: a) a light chain variable
domain having no more than ten amino acid addifions, deletions or substitutions from the amino acid
sequence set forth in SEQ ID NO:96; b) a heavy chain variable domain having no more than ten amino
acid additions, deletions or substitutions from the amino acid sequence set forth in SEQ D NO:30; or ¢)
the light chain variable domain of a) and the heavy chain variable domain of b). In a second example, the
ST2 antigen binding protein comprises a) a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set forth in
SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97, SEQ ID NO:98, SEQ ID NO:99, SEQ ID NO:100, SEQ
ID NO:101, SEQ ID NQ:102, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ ID NO:163,
SEQ ID NO:164, or SEQ ID NO:165; b) a heavy chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set forth in
SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ
ID N(:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, 5EQ ID NO:39, SEG ID NG:145, SEQ ID
NO:146, or SEQ ID NO:147; or ¢} the light chain variable domain of a) and the heavy chain variable
domain of' b).

[0012] Preferred antigen binding proteins of the second example include those comprising a light chain
variable domain having no more than ten or no more than five amino acid additions, deletions or
substitutions from the amino acid sequence set forth in SEQ ID NQ:95 and a heavy chain variable domain
having no more than ten or no more than five amino acid additions, deletions or substitutions from the
amino acid sequence set forth in SEQ 1D NO:29; those comprising a light chain variable domain having
no more than ten or no more than five amino acid additions, deletions or substitutions from the amino acid
sequence set forth in SEQ ID NO:96 and a heavy chain variable domain having no more than ten or no
more than five axino acid additions, deletions or substitutions from the amino acid sequence set forth in
SEQ 1D NO:30; those comprising a light chain variable domain having no more than ten or no more than
five amine actd additions, deletions or substitutions from the amino acid sequence set forth in SEQ 1D
NO:97 and a heavy chain variable domain having no more than ten or no more than five amino acid

additions, deletions or substitutions from the amino acid sequence set forth in SEQ ID
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NQ:31; those comprising a light chain variable domain having no more than ten or no more than
five amino acid additions, deletions or substitutions from the amino acid sequence set forth in
SEQ ID NO:98 and a heavy chain varizble domain having no more than ten or no more than five
amino acid additions, deletions or substitutions from the amino acid sequence set forth in SEQ ID
NO:32; those comprising a light chain variable domain having no more than ten or no more than
five amino acid additions, deletions or substitutions from the amino acid sequence set forth in
SEQ 1D NO:99 and a heavy chain variable domain having no more than ten or no more than five
amino acid additions, deletions or substitutions from the amino acid sequence set forth in SEQ ID
NO:33; those comprising a light chain variable domain having no more than ten or no more than
five amino acid additions, deletions or substitutions from the amino acid sequence set forth in
SEQ ID NO:100 and a heavy chain variable domain having no more than ten or no more than
five amino acid additions, deletions or substitutions from the amino acid sequence set forth in
SEQ ID NO:34; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ 1D NO:101 and a heavy chain variable dormain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:335; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:102 and a heavy chain variable domain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:36; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NQ:103 and a heavy chain variable domain having no more than ten or no more
than five amine acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:37; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:104 and a heavy chain variable domain having no more than fen or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ 1D NO:38; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:105 and a heavy chain variable domain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:39; those comprising a light chain variable domain having no more than ten or no

more than five amino acid additions, deletions or substitutions from the amino acid sequence set
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forth in SEQ ID NO:163 and a heavy chain variable domain having no more than ten or no more than five amino
acid additions, deletions or substitutions from the amino acid sequence set forth in SEQ ID NO:145; those
comprising a light chain variable domain having no more than ten or no more than five amino acid additions,
deletions or substitutions from the amino acid sequence set forth in SEQ ID NO:164 and a heavy chain variable
domain having no more than ten or no more than five amino acid additions, deletions or substitutions from the amino
acid sequence set forth in SEQ ID NO:146; and those comprising a light chain variable domain having no more than
ten or ne more than five amino acid additions, deletions or substitutions from the amino acid sequence set forth in
SEQ ID NC:165 and a heavy chain variable domain having no more than ten or no more than five amino acid
additions, deletions or substitutions from the amino acid sequence set forth in SEQ 1D NO:147.

[0013] Inathird example, the ST2 antigen binding protein contains a light chain variable domain comprising a}
an LCDR! having no more than three amino acid additions, deletions, or substitutions from the LCDR] sequence set
forth in SEQ ID NG:106; an LCDR2 having no more than three amino acid additions, deletions, or substitutions
from the LCDR?2 sequence set forth in SEQ ID NO:117; and as LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ ID NC:128; b) an LCDR1 having
no more than three amino acid additions, deletions, or substitutions from the LCDR1 sequence set forth in SEQ ID
NQ:107, an LCDR2 having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:118; and an LCDR3 having no more than three amino acid additions, deletiosns, or
substitutions from the LCDR3 sequence set forth in SEQ ID NO:129; ¢) an LCDR1 having no more than three
amine acid additions, deletions, or substitutions from the LCDRI sequence set forth in SEQ ID NO:108; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the T.CDR2 sequence set forth in
SEQ ID NO:119; and an LCDR3 having no more than three amino acid additions, deletions, or substitutions from
the LCDR3 sequence set forth in SEQ ID N(C:130; d) an LCDR1 having no more than three amino acid additions,
deletions, or substitutions from the LCDR1 sequence set forth in SEQ ID NO:109; an LCDR2 having no more than
three amino acid additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ ID N(G:120; and
an LCDR3 having no more than three amino acid additions, deletions, or substitutions from the LCDR3 sequence set
forth in SEQ 1D NO:131; e) an LCDRI having no more than three amino acid additions, deletions, or substitutions
from the LCDR1 sequence set forth in SEQ ID NO:110; an LCDR2 having no more than three amino acid additions,
deletions, or substitutions from the LCDR2 sequence set forth in SEQ ID NO:121; and an LCDR3 having no more

than three amino
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acid additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:132,
) an LCDR1I having no more than three amino acid additions, deletions, or substitutions from the
LCDRI1 sequence set forth in SEQ 1D NO:111; an LCDR2 having no more than three amino acid
additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ 1D NO:122; and
an LCDR3 having no more than three amino acid additions, deletions, or substitutions from the
LCDR3 sequence set forth in SEQ ID NO:133; g) an LCDR1 having no more than three amino
acid additions, deletions, or substitutions from the LCDRI sequence set forth in SEQ ID NO:112;
an LCDR2 having no more than three amino acid additions, deletions, or substitutions from the
LCDR2 sequence set forth in SEQ 1D NG:123; and an LCDR3 having no more than three amino
acid additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:134;
h) an LCDR1 having no more than three amino acid additions, deletions, or substitutions from
the LCDRI sequence set forth in SEQ ID NO:113; an LCDR2 having no more than three amino
acid additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ 1D NO: 124,
and an LCDR3 having no more than three amino acid additions, deletions, or substitutions from
the LCDR3 sequence set forth in SEQ 1D NO:135; i) an LCDRI having no more than three
amine acid additions, deletions, or substitutions from the LCDR1 sequence set forth in SEQ 1D
NO:114; an LCDR2 having no mote than three amino acid additions, deletions, or substitutions
from the LCDR2 sequence set forth in SEQ 1D NO:125; and an L.CDR3 having no more than
three amino acid additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ
ID NO:136; j) an LCDR1 having no more than three amino acid additions, deletions, or
substitutions from the LCDR sequence set forth in SEQ 1D NO:115; an LCDRZ having no more
than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set forth in
SEQ 1D NO:126; and an LCDR3 having no more than three amino acid additions, deletions, or
substitutions from the LCDR3 sequence set forth in SEQ ID NO:137; k) an LCDR] having no
more than three amino acid additions, deletions, or substitutions from the LCDR1 sequence set
forth in SEQ 1D NO:116; an LCDR2 having no more than three amino acid additions, deletions,
or substitutions from the LCDR2 sequence set forth in SEQ ID NO:127; and an LCDR3 having
no more than three amino acid additions, deletions, or substitutions from the LCDR3 sequence
set forth in SEQ ID NO:138; 1) an LCDR1 having no morc than three amino acid additions,
deletions, or substitutions from the LCDR1 sequence set forth in SEQ ID NO:166; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:169; and an LCDR3 having no motc than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:172; m)

an LCDR! having no more than three amino acid additions, deletions, or substitutions from the

-8



WO 2013/173761 PCT/US2013/041656

LCDRI sequence set forth in SEQ ID NO:167; an LCDR2 having no more than three amino acid
additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ ID NO:170; and
an LCDR3 having no more than three amino acid additions, deletions, or substitutions from the
LCDR3 sequence set forth in SEQ ID NO:173; or n) an LCDR1 having no more than three
amino acid additions, deletions, or substitutions from the LCDR 1 sequence set forth in SEQ ID
NO:168; an LCDR2 having no more than three amino acid additions, deletions, or substitutions
from the LCDR2 sequence set forth in SEQ ID NO:171; and an LCDR3 having no more than
three amino acid additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ
ID N(G:174; and a heavy chain variable domain comprising o) an HCDR1 having no more than
three amino acid additions, deletions, or substitutions from the HCDR] sequence set forth in
SEQ ID NO:40; an HCDR2 having no reore than three amino acid additions, deletions, or
substitutions from the HCDR2 sequence set forth in SEQ ID NO:51; and an HCDR3 having no
more than three amino acid additions, deletions, or substitutions from the HCDR3 sequence set
forth in SEQ ID NQO:62; p) an HCDR1 having no more than three amino acid additions,
deletions, or substitutions from the HCDR1 sequence set forth in SEQ ID NO:41; an HCDR2
having no more than three amine acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ ID NO:52; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ 1D NO:63; ) an
HCDR1 having no more than three amino acid additions, deletions, or substitutions from the
HCDRI sequence set forth in SEQ 1D NO:42; an HCDR2 having no more than three amino acid
additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ ID NO:53; and
an HCDR3 having no more than three amino acid additions, deletions, or substitutions from the
HCDR3 sequence set forth in SEQ 1D NO:64; r) an HCDRI having no more than three amino
acid additions, deletions, or substitutions from the HCDR1 sequence set forth in SEQ 1D NO:43;
an HCDR2 having no more than three amino acid additions, deletions, or substitutions from the
HCDR2 sequence set forth in SEQ ID NO:54; and an HCDR3 having no more than three amino
acid additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:65;
s) an HCDR1 having no more than three amino acid additions, deletions, or substitutions from
the HCDR1 sequence set forth in SEQ ID NG:44; an HCDR2 having no more than three amine
acid additions, deletions, or substitutions from the HCDR2 sequence set forth tn SEQ ID NO:55;
and an HCDR3 having no more than three amine acid additions, deletions, or substitutions from
the HCDIR 3 sequence set forth in SEQ ID NO:66; t) an HCDRI having no more than three amino
acid additions, deletions, or substitutions from the HCDR1 sequence set forth in SEQ ID NO:45;

an HCDR2 having no more than three amino acid additions, deletions, or substitutions from the
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HCDR2 sequence set forth in SEQ ID NO:56; and an HCDR3 having no more than three amino
acid additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:67,
u) an HCDR 1 having no more than three amino acid additions, deletions, or substitutions from
the HCDR1 sequence set forth in SEQ 1D NO:46; an HCDR2 having no more than three amino
acid additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ ID NO:57,
and an HCDR3 having no more than threc amino acid additions, deletions, or substitutions from
the HCDR3 sequence set forth in SEQ 1D NO:68; v) an HCDRI having no more than three
amino acid additions, deletions, or substitutions from the HCDR] sequence set forth in SEQ ID
NO:47; an HCDR2 having no more than three amno acid additions, deletions, or substitutions
from the HCDRZ sequence set forth in SEQ JD NO:58; and an HCDR3 having no more than
three amino acid additions, deletions, or substitutions from the HCDR3 sequence set forth in
SEQ ID NO:69; w) an HCDR having no more than three amino acid additions, deletions, or
substitutions from the HCDR1 sequence set forth in SEQ ID NO:48; an HCDR2 having no more
than three amino acid additions, deletions, or substitutions from the HCDR2 sequence set forth in
SEQ ID NQ:59; and an HCDR3 having no more than three amine acid additions, deletions, or
substitutions from the HCDR3 sequence set forth in SEQ ID NO:70; x) an HCDR1 having no
more than three amino acid additions, deletions, or substitutions from the HCDR1 sequence set
forth in SEQ ID NO:49; an HCDR2 having no more than three amino acid additions, deletions,
or substitutions from the HCDR2 sequence set forth in SEQ ID NO:60; and an HCDR3 having
no more than three amino acid additions, deletions, or substitutions from the HCDR3 sequence
set forth in SEQ 1D NO:71; v) an HCDRI having no more than three amino acid additions,
deletions, or substitutions from the HCDR sequence set forth in SEQ ID NO:50; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ ID NO:61; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NG:72; z) an
HCDR1 having no more than three amino acid additions, deletions, or substitutions from the
HCDR1 sequence set forth in SEQ 1 NO:148; an HCDR2 having no more than three amine acid
additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ 1D NO:151; and
an HCDR3 having no more than three amine acid additions, deletions, or substitutions from the
HCDR3 sequence set forth in SEQ ID NO:154; aa) an HCDRI having no more than three amino
acid additions, deletiong, or substitutions from the HCDR1 sequence set forth in SEQ 1D
NO:149; an HCDR2 having no morc than three amino acid additions, deletions, or substitutions
from the HCDR? sequence set forth in SEQ 1D NO:152; and an HCDR3 having no more than

three amino acid additions, deletions, or substitutions from the HCDR3 sequence set forth in

-10 -



SEQ ID NO:1355; or bb) an HCDRI having no more than three amino acid additions, deletions, or
substitutions from the HCDR1 sequence set forth in SEQ ID WO:150; an HCDR2 having no more than
three amino acid additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ ID
NO:153; and an HCDR3 having no more than three amino acid additions, deletions, or substitutions from
the HCDR3 sequence set forth in SEQ ID NO:156.

[0614] Preferred ST2 antigen binding proteins of third example include those comprising the light chain
variable domain of a} and the heavy chain variable domain of 0); those comprising the light chain variable
domain of b) and the heavy chain variable domain of p); those comprising the light chain variable domain
of ¢) and the heavy chain variable domain of q}; those comprising the light chain variable domain of d)
and the heavy chain variable domain of r); those comprising the light chain variable domain of ) and the
heavy chain variable domain of s); those comprising the light chain variable domain of f) and the heavy
chain variable domain of t); those comprising the light chain variable domain of g) and the heavy chain
variable domain of u); those comprising the light chain variable domain of h) and the heavy chain variable
domain of v); those comprising the light chain variable domain of 1) and the heavy chain variable domain
of w); those comprising the light chain variable domain of j) and the heavy chain variable domain of x);
those comprising the light chain variable domain of k) and the heavy chain variable domain of y); those
comprising the light chain variable domain of 1) and the heavy chain variable domain of z); those
comprising the light chain variable domain of m) and the heavy chain variable domain of aa); and those
comprising the light chain variable domain of n} and the heavy chain variable domain of bb}.

[0015] In a fourth example of the present disclosure, the STZ antigen binding protein of the first, second,
or third example binds to himan ST2 with an affinity of less than or equal to 1 x 107" M.

[0016] In a fifth example of the present disclosure, the ST2 antigen binding protein of the first, second,
third, or fourth example inhibits binding of human ST2 to human IL-33.

[6017] In a sixth example of the present disclosure, the 8T72 antigen binding protein of the first, second,
third, fourth, or fifth example reduces human 1L-33-mediated ST2 signaling in human ST2-expressing
cells.

[0618] In a seventh example of the present disclosure, the ST2 antigen binding protein of the sixth
example, reduces 1L-33-mediated cynomolgus monkey ST2 signaling in cynomolgous monkey §T2-
expressing cells.

[6019] In an eighth example of the present disclosure, the ST2 antigen binding protein of the first,
second, third, fourth, fifth, sixth or seventh example is an antibody, such as a human antibody. Preferred
antibodies include those antibodies that comprise a light chain having the amino acid sequence set forth in

SEQ [D:84 and a heavy chain having the amino acid sequence set forth in
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SEQ ID NO:18; those that comprise a light chain having the amino acid sequence set forth in SEQ 112:85
and a heavy chain having the amino acid sequence set forth in SEQ ID NO:19; those that comprise a light
chain having the amino acid sequence set forth in SEQ ID:86 and a heavy chain having the amino acid
sequence set forth in SEQ 1D NO:20; those that comprise a light chain having the amino acid sequence set
forth in SEQ ID:87 and a heavy chain having the amino acid sequence set forth in SEQ ID NO:21; those
that comprise a light chain having the amino acid sequence set forth in SEQ ID:88 and a heavy chain
having the amino acid sequence set forth in SEQ ID NO:22; those that comprise a light chain having the
amino acid sequence set forth in SEQ ID:89 and a heavy chain having the amino acid sequence set forth
in SEQ ID NO:23; those that comprise a light chain having the amino acid sequence set forth in SEQ
ID:90 and a heavy chain having the amino acid sequence set forth in SEQ ID NO:24; those that comprise
a light chain having the amino acid sequence set forth in SEQ ID:91 and a heavy chain having the amino
acid sequence set forth in SEQ ID NO:23; those that comprise a light chain having the amino acid
sequence set forth in SEQ 1D:92 and a heavy chain having the amino acid sequence set forth in SEQ ID
NO:26; those that comprise a light chain having the amino acid sequence set forth in SEQ ID:93 and a
heavy chain having the amino acid sequence set forth in SEQ 1D NO:27; those that comprise a light chain
having the amino acid sequence set forth in SEQ 112:94 and a heavy chain having the amino acid sequence
set forth in SEQ ID N(O:28; those that comprise a light chain having the amino acid sequence set forth in
SEQ ID:160 and a heavy chain having the amino acid sequence set forth in SEQ 1D NO:142; those that
comprise a light chain having the amino acid sequence set forth in SEQ ID:161 and a heavy chain having
the amino acid sequence set forth in SEQ ID NO:143; and those that comprise a light chain having the
amino acid sequence set forth in SEQ ID:162 and a heavy chain having the amino acid sequence set forth
in SEQ ID NO:144.

(002681 In yet another aspect, there is provided an i1solated nucleic acid encoding a light chain variable
domain of an antibody as described herein. In yet another aspect, there is provided an isolated nucleic
acid encoding a heavy chain variable domain of an antibody as described herein. In yet another aspect,
there is provided an isolated nucleic acid encoding a light chain variable domain and a heavy chain
variable domain of an antibady as described herein. In a ninth example, the present disclosure provides
isolated nucleic acids encoding one or more polypeptide components of a ST2 antigen binding protein,
e.g., an antibody light chain or antibody heavy chain. In preferred examples the nucleic acid encodes a
polypeptide comprising:

[6021]a) alight chain variable domain having at least 95% identity to the amino acid sequence set forth
in SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97, SEQ ID NO:98, SEQ ID NG:99, SEQ ID NO:100,
SEQ ID NO:101, SEQ ID NO:102, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ ID
NO:163, SEQ ID NO:164, or SEQ ID NO:165;

100221b) aheavy chain variable domain having at least 95% identity to the amino acid sequence set
forth in SEQ 1D NO:29, SEQ ID NO:30, SEQ ID N(:31, SEQ ID NO:32, SEQ
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1D NO:33, SEQ 1D NG:34, SEQ 1D NO:335, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38,
SEQ ID NO:39, SEQ ID NO:145, SEQ ID NO:146, or SEQ ID NO:147;

[6623] o) a light chain variable domain having no more than five amino acid
additions, deletions or substitutions from the amino acid sequence set forth in SEQ ID NQ:95,
SEQ ID NO:96, SEQ ID NO:97, SEQ ID N(:98, SEQ ID N0:99, SEQ ID NO:100, SEQ ID
NO:101, SEQ ID NO:102, SEQ ID NO:103, SEQ ID N(O:104, SEQ 1D NO:105, SEQ 1D
NO:163, SEQ ID NO:164, or SEQ ID NO:165;

[0624] d) a heavy chain variable domain having no more than five amino acid
additions, deletions or substitutions from the amino acid sequence set forth in SEQ ID NO:29,
SEQ 1D NO:30, SEQ 1D NO:31, SEQ 1D NO:32, SEQ 1D NG:33, SEQ 1D NG:34, SEQ ID
NO:35, SEQ 1D NO:36, SEQ 1D NO:37, SEQ ID NO:38, SEQ 1D NO:39, SEQ 1D NO:145, SEQ
ID NO:146, or SEQ ID NO:147,

[6625] e) & light chain variable domain comprising:

[06626) 1) an LCDR1 having no more than three amino acid additions,
deletions, or substitutions from the LCDR1 sequence set forth in SEQ 1D NO:106; an LCDR2
having no more than three aming acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:117; and an LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:128;
[6627] i1) an LCDR1 having no more than three amino acid additions,
deletions, or substitutions from the LCDR1 sequence set forth m SEQ 1D NO:107; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:118; and an LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ ID NO:129;
[0028] iify  an LCDRI having no more than three amino acid additions,
deletions, or sybstitutions from the LCDR 1 sequence set forth in SEQ 1D NO:108; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:119; and an L.CDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:130,
[6629] iv) an LCDRI having no more than three amino acid additions,
deletions, or substitutions from the LCDR I sequence set forth in SEQ ID NO:109; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:120; and an LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:131;
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[6636] V) an LCDRI having no more than three amino acid additions,
deletions, or substitutions from the LCDRI sequence set forth in SEQ ID NO:110; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ 1D NO:121; and ap LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEG 1D NO:132;
(6631} vi) an LCDR1 having no more than threc amino acid additions,
deletions, or substitutions from the LCDR] sequence set forth in SEQ ID NO:111; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ 1D NO:122; and an LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:133;
16032] vii)  an LCDRI1 having no more than three amino acid additions,
deletions, or substitutions from the LCDR] sequence set forth in SEQ ID NO:112; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:123; and an LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ ID NO:134;
{6G33] viii) an LCDRI having no more than three amino acid additions,
deletions, or substitutions from the LCDRI sequence set forth in SEQ ID WNO:113; an LCDRZ
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:124; and an LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:135,
[6034] ix) an LCDRI having no more than three amino acid additions,
deletions, or substitutions from the LCDR1 sequence set forth in SEQ ID NO:114; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:125; and an LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:136;
[GG35] %) an LCDRI having no more than three amino acid additions,
deletions, or substitutions from the LCDR1 sequence set forth in SEQ ID NO:115; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:126; and an LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ ID NO:137;
{6636} x1) an LCDR] having no more than three amino acid additions,
deletions, or subsiitutions from the LCDR1 sequence set forth in SEQ ID NO:116; an LCDR2

having no more than three amino acid additions, deletions, or substitutions from the LCDR2
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sequence set forth in SEQ ID NO:127; and an LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ ID NG:138;
[6837] xii)  an LCDRI having no more than threc amino acid additions, deletions, or
substitutions from the LCDR] sequence set forth in SEQ ID NO:166; an LCDR2 having no more
than three amino acid additions, deletions, or substitutions from the LCDR?2 sequence set forth in
SEQ IDNQ:169; and an LCDR3 having no more than three amino acid additions, deletions, or
substitutions from the LCDR3 sequence set forth in SEQ ID NO:172;

[0638] xiii) an LCDRI having no more than three amino acid additions, deletions, or
substitutions from the LCDR 1 sequence sct forth in SEQ ID NO:167; an LCDR2 having no more
than three amino acid additions, deletions, or substitutions from the LCDR2 gequence set forth in
SEQ ID NQ:170; and an LCDR3 having no more than three amino acid additions, deletions, or
substitutions from the LCDR3 sequence set forth in SEQ ID NO:173; or

[0639] xiv)  an LCDR1 having no more than three amino acid additions, deletions, or
substitutions from the LCDR] sequence set forth in SEQ ID NO:168; an LCDR2 having ne more
than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set forth in
SEQ IDNO:171; and an LCDR3 having no more than three amino acid additions, deletions, or
substitutions from the LCDR3 sequence set forth in SEQ ID NO:174; or

[6640] 3] a heavy chain variable domain comprising:
[6841] i) an HCDR 1 having no more than three amino acid additions,

deletions, or substitutions from the HCDR sequence set forth in SEQ 1D NG:40,; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ 1D NO:51; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ 1D NO:62;
[6642] Ii) an HCDRJ having no more than three amino acid additions,
deletions, or substitutions from the HCDRI sequence set forth in SEQ ID NO:41; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ ID NO:52; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ 1D NO:63;
[G043] 1i1) an HCDR 1 having no morc than three amino acid additions,
deletions, or substitutions from the HCDRI sequence set forth in SEQ 1D NG:42; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
scquence set forth in SEQ ID N(O:53; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ 1D NO:64;
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[00644] ) an HCDR 1 having no more than three amino acid additions,
deletions, or substitutions from the HCDR1 sequence set forth in SEQ 1D NO:43; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ ID NO:54; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:65;
[0645] V) an HCDR.1 having no morc than three amino acid additions,
deletions, or substitutions from the HCDR1 sequence set forth in SEQ ID NO:44; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ ID NO:55; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:66;
[0046] vi) an HCDR1 having no more than three amino acid additions,
deletions, or substitutions from the HCDR1 sequence set forth in SEQ ¥D NO:45; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ ID NGO:56; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:67,;
[6647] vii)  an HCDRI having no more than three amino acid additions,
deletions, or substitutions from the HCDR1 sequence set forth in SEQ 1D NO:46; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ ID NO:57; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ 1D NO:68;
[6048] vili} an HCDRI having no more than three amino acid additions,
deletions, or substitutions from the HCDRI sequence set forth in SEQ ID NO:47; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ ID NO:58; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:69;
[6649) ix) an HCDR 1 having no more than three amino acid additions,
deletions, or substitutions from the HCDR1 sequence set forth in SEQ ID NO:48; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ ID NO:59; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:70;
[6050] X) an HCDR 1 having no more than three amino acid additions,
deletions, or substitutions from the HCDRI sequence set forth in SEQ ID N(O:49; an HCDR2

having no more than three amino acid additions, deletions, or substitutions from the HCDR2
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sequence set forth in SEQ ID NO:60; and an HCDR3 having no more than three amino acid additions,
deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:71;

[0051] xi) an HCDR1 having no more than three amino acid additions, deletions, or
substitutions from the HCDR1 sequence set forth in SEQ ID NO:50; an HCDR2 having no more than
three amino acid additions, deletions, or substitutions from the HCDRZ sequence set forth in SEQ ID
NQ:61; and an HCDR3 having no more than three amino acid additions, deletions, or substitutions from
the HCDR3 sequence set forth in SEQ 1D NO:72;

[6052] xi) an HCDR! having no more than three amino acid additions, deletions, or substitutions
from the HCDR1 sequence set forth in SEQ ID NO:148; an HCDR2 having no more than three amino
acid additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ ID NO:151; and an
HCDR3 having no more than three amino acid additions, deletions, or substitutions from the HCDR3
sequence set forth in SEQ ID NO:154;

[6653]xii1)  an HCDRI having no more than three amino acid additions, deletions, or substitutions
from the HCDR] sequence set forth in SEQ ID NO:14%; an HCDR2 having no more than three amino
acid additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ 1D NO:152; and an
HCDR3 having no more than three amino acid additions, deletions, or substitutions from the HCDR3
sequence set forth in SEQ ID NO:155; or

[0054]xiv)  an HCDRI having no more than three amino acid additions, deletions, or substitutions
from the HCDR sequence set forth in SEQ ID NO:150; an HCDR2 having no more than three amino
acid additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ ID NO:153; and an
HCDR3 having no more than three amino acid additions, deletions, or substitutions from the HCDR3
sequence set forth in SEQ ID NQ:156.

[8055] In certain embodiments of the ninth aspect, the polypeptide encodes an antibody light chain and is
at jeast 80%, at least 90%, at least 95%, or is 100% identical to the nucleotide sequence set forth in SEQ
ID NO:73, SEQ ID NO:74, SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77, SEQ ID NO:78, SEQ ID
NQ:79, SEQ ID NO:80, SEQ ID NO:81, SEQ ID NO:82, SEQ ID NO:83, SEQ ID NO:157, SEQ ID
NQ:158, or SEQ ID NO:159. In other embodiments of the ninth aspect, the polypeptide encodes an
antibody heavy chain and is at least 80%, at least 90%, at least 95%, or is 100% identical to the nucleotide
sequence set forth in SEQ ID NO:7, SEQ ID NG:8, SEQ 1D NO:9, SEQ 1D NO:10, SEQ ID NO:11, SEQ
1D NO:12, SEQ ID NO:13, SEGQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NG:17, SEQ ID
NO:139, SEQ ID NO: 140, or SEQ ID NO:141.

[6056] In another aspect, there is provided the expression vector comprising the isolated nucleic acid as
deseribed herein. In a tenth example, the present disclosure provides an expression vector comprising one

or more isolated nucleic acids of the eighth example. In certain examples, the expression vector
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encodes an antibody light chain, an antibody heavy chain, or both an antibody light chai

fs)

and a heavy
chain.

(6057} In another aspect, there is provided a recombinant host cell comprising an isolated nucleic acid as
described herein operably linked to a promoter. In another aspect, there is provided a recombinant host
cell comprising an expression vector as described herein. In an eleventh example, the present disclosure
provides a recombinant host cell comprising one or more isolated nucleic acids of the ninth example
operably linked to a promoter, including recombinant host cells comprising one or more expression
vectors of the tenth example of the invention. In preferred examples, the recombinant host cell secretes an
antibody that binds ST2. Preferred host cells are mammalian host cells, including CHO cell lines.

16058] In yet another aspect, there is provided the use of a ST2 antibody as described herein in the
manufacture of a medicament for treating an autoimmune or inflammatory disorder to a patient in need
thereof. In a twelfth example, the present disclosure provides methods of treating an autoimmune or
inflammatory disorder said method comprising administering a therapeutically effective amount of a ST2
antigen binding protein of any one of the first, second, third, fourth, fifth, sixth, sixth, seventh, or eighth
examples to a patient in need thereof. In preferred examples, the ST2 antigen binding protein is an
antibody comprising a light chain variable domain amino acid sequence as set forth in SEQ ID NO:95 and
a heavy chain variable domain amino acid sequénce as set forth in SEQ ID NO:29 (e.g., Abl), an antibody
comprising a light chain variable domain amino acid sequence as set forth in SEQ ID NO:96 and a heavy
chain variable domain amino acid sequence as set forth in SEQ ID NO:30 (e.g., AbZ), an antibody
comprising a light chain variable domain amino acid sequence as set forth in SEQ 1D NO:97 and a heavy
chain variable domain amino acid sequence as set forth in SEQ ID NO:31 (e.g., Ab3), an antibody
comprising a light chain variable domain amino acid sequence as set forth in SEQ ID NO:98 and a heavy
chain variable domain amino acid sequence as set forth in SEQ ID N(O:32 (e.g., Ab4), an antibody
comprising a Hght chain variable domain amino acid sequence as set forth in SEQ ID NO:99 and a heavy
chain variable domain amino acid sequence as set forth in SEQ ID NQ:33 (e.g., AbS), an antibody
comprising a light chain variable domain amino acid sequence as set forth in SEQ ID NO:100 and a heavy
chain variable domain amine acid sequence as set forth in SEQ ID NO:34 {e.g., Ab6), an antibody
comprising a light chain variable domain amino acid sequence as set forth in SEQ ID NO:101 and a heavy
chain variable domain amino acid sequence as set forth in SEQ ID NO:35 (e.g., Ab7), an antibody
comprising a light chain variable domain amino acid ssquence as set forth in SEQ ID NO:102 and a heavy
chain variable domain amino acid sequence as set forth in SEQ ID NO:36 (e.g., Ab8), an antibody
comprising a light chain variable domain amino acid sequence as set forth in SEQ ID NO:103 and a heavy
chain variable domain amino acid sequence as set forth in SEQ ID NO:37 (e.g., AbS), an antibody
comprising a Hght chain varieble domain amino acid sequence as set forth in SEQ 1D NO:104 and a heavy

chain variable domain amino acid sequence as set forth in SEQ ID NO:38 (e.g., Ab10), an antibody comprising a

light chain variable domain amino acid sequence as set forth in SEQ ID NO:105 and a heavy
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chain variable domain amino acid sequence as set forth in SEQ ID NO:39 (e.g., Abl1); an
antibody comprising a light chain variable domain amino acid sequence as set forth in SEQ ID
NO:163 and a heavy chain variable domain amino acid sequence as set forth in SEQ ID NO:145
(e.g., Ab30); an antibody comprising a light chain variable domain amino acid sequence as set
forth in SEQ ID NO:164 and a heavy chain variable domain amino acid sequence as set forth in
SEQ ID NO:146 (e.g., Ab32); or an antibody comprising a light chain variable domain amino
acid sequence as set forth in SEQ ID NO:165 and a heavy chain variable domain amino acid
sequence as set forth in SEQ ID NO:147 (e.g., Ab33). In preferred examples, the ST2 antigen
binding protein inhibits binding of IL-33 to ST2. In particularly preferred examples, the
autoimmune or inflammatory disorder is asthma, inflammatory bowel disease, rheumatoid
arthritis, psoriasis, atopic dermatitis, fibrosis, chronic obstructive pulmonary disease, systemic
Tupus erythematosus, sclerosis, Wegener’s granulomatosis, Behchet disease, rhinosinusitis, nasal
polyposis, eosinophilic bronchitis, and cardiovascular disease.

[6059] In another aspect, the present disclosure provides a method of making an ST2
antigen binding protein of any one of the first, second, third, fourth, fifth, sixth, sixth, seventh, or
eighth examples by culturing a recombinant host cell of the eleventh example and isolating the
ST2 antigen binding protein from said culture.

[0660] - In a fourteenth example, the present disclosure provides ST2 antigen binding
proteins of any one of the first, second, third, fourth, fifth, sixth, sixth, seventh, or eighth
examples that cross-compete with an antibody selected from the group consisting of:

[0661] a) an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ ID:84 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO:18;

{0062]b) an antibody comprising a light chain comprising the amino acid sequence set forth in SEQ
ID:85 and a heavy chain comprising the amino acid sequence set forth in SEQ ID NO:19;

[0663]c) an antibody comprising a light chain comprising the amino acid sequence set forth in SEQ
ID:86 and a heavy chain comprising the amino acid sequence set forth in SEG ID NO:20;

[B0641d) an antibody comprising a light chain comprising the amino acid sequence set forth in SEQ

1D:87 and a heavy chain comprising the amino acid sequence set forth in SEQ ID NO:21;
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[8065] e) an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ ID:88 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO:22,

[6066] ) an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ ID:89 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO:23;

16067] g) an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ ID:90 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO:24;

[6068] h) an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ ID:91 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO:25;

{0669 i) an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ ID:92 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NQO:26;

{6678} i} an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ ID:93 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO27,

[06071] k) an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ 1D:94 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO:28;

[6072] 1) an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ ID:160 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO:142;

[6673] m) an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ ID:161 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO:143; and

[6074} n) an antibody comprising a light chain comprising the amino acid sequence set
forth in SEQ ID:162 and a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO:144.

16075] In a fifteenth example, the present disclosure provides an isolated ST2 antigen binding
protein, preferably an antibody or antigen binding fragment thereof, that binds a polypeptide comprising
human 8T2 domain 1 and domain 2 (SEQ ID NO:175), wherein binding is significantly inhibited when a

single mutation is introduced into human ST2 domain 1 or domain
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2 of the polypeptide, wherein the single mutation is selected from the group consisting of L14R, I15R,
S33R, B43R, V47R, A62R, G65R, T79R, DI2R, DOTR, V104R, G138R, N152R, and VI76R. By
“significantly inhibited” it is meant that the measured difference in binding is statistically significant. In
preferred examples, binding is significantly inhibited for two or more members of the group including all
members of the group. In certain examples of the fifteenth example, binding also is significantly activated
when a single mutation is introduced into human ST2 domain 1 or domain 2 of the polypeptide, wherein
the single mutation is selected from the group consisting of L53R, R72A, and 873R. By “significantly
activated” it is meant that the measured difference in binding is statistically significant. In preferred
examples, binding is significantly activated for all members of the group. In certain examples of the
fifteenth example, the ST2 binding protein cross-competes for binding to human ST2 with an antibody
comprising a Hght chain comprising the amino acid sequence set forth in SEQ ID:85 and a heavy chain
comprising the amino acid sequence set forth in SEQ ID NO:19. In particularly preferred examples, the
antigen binding protein is an antigen binding protein of the first, second, third, fourth, fifth, sixth, seventh,
or eighth example.

[0¢76] In yet another aspect, there is provided an isolated ST2 antibody, wherein said ST2
antibody binds an STZ comprising amino acids 19-322 of SEQ ID NG:1 within amino acids 33-44 or 88-
94 of SEQ ID NO:1 as determined by hydrogen/deuterinm exchange analysis. In a sixteenth example, the
present disclosure provides an antigen binding protein of the first, second, third, fourth, fifth, sixth,
seventh, eighth, fourtheenth, or fifieenth example wherein said ST2 binding protein preferably an
antibody or antigen binding fragment thereof, binds a portion of ST2 comprising amino acids 33-44
and/or 88-94 of SEQ ID NO:1 as determined by hydrogen/deuterium exchange analysis.

{6477 In a seventeenth example, the present disclosure provides an antigen binding protein
preferably an antibody or antigen binding fragment thercof, of the first, second, third, fourth, fifth, sixth,
seventh, eighth, fourtheenth, fifteenth, or sixteenth example which binds to ST2 creating an interface,
wherein the interface created by said binding comprises an ST2 residue setected from the group consisting
of K1, F2, P19, R20, Q21, G22, K23, ¥26, 170, V71, R72, 873, P74, T75, F76, N77, R78, T79, and Y81.
In preferred embodiments of the seventeenth aspect, the interface created by said binding comprises ST2
residue P19, R20, Q21, G22, K23, and/or Y26, ST2 residue 170, V71, R72, 873, P74, T75, F76, N77,
R78, T79, and/or Y81, or ST2 residues P19, R20, Q21, G22, K23, Y26, 170, V71, R72, 873, P74, 175,
F76, N77, R78, T79, and Y81. The interface may be detrmined by solvent exposure difference between
bound and unbound ST2 and interface residues are defined as those amino acids having a difference
greater thap 10% and those that form water-mediated hiydrogen bonds with said antibody or determined

by as those amino acids having at least one atom within 5 of the antibody.
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{6078] In an eighteenth example, the present disclosure provides an isolated ST2 antigen
binding protein, preferably an antibody or antigen binding fragment thereof, comprising a)

a light chain variable domain having at least 90% or at least 95% identity to the amino acid
sequence set forth in SEQ ID NO:96, b) a heavy chain variable domain having at least 90% or at
least 95% identity to the amino acid sequence set forth in SEQ ID NO:30; ¢) a light chain
variable domain of a) and a heavy chain variable domain of b), d) a light chain variable domain
having no more than ten or no more than five amino acid additions, deletions or substitutions
from the amino acid sequence set forth SEQ ID NO:96; ) a heavy chain variable domain having
no more than ten or no more than five amino acid additions, deletions or substitutions from the
amino acid sequence set forth in SEQ ID NO:30; f) a light chain variable domain of d) and the
heavy chain variable domain of ), g) a light chain variable domain comprising an LCDR1
having no more than three amino acid additions, deletions, or substitutions from the LCDR1
sequence set forth in SEQ ID NO:107; an LCDR2 having no more than three amino acid
additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ ID NQO:118; and
an LCDR3 having no more than three amino acid additions, deletions, or substitutions from the
LCDR3 sequence set forth in SEQ ID NO:129, b) a heavy chain variable domain comprising an
HCDRI having no more than three amino acid additions, deletions, or substitutions from the
HCDRI sequence set forth in SEQ ID NO:41; an HCDR?2 having no more than three amino acid
additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ 1D N(O:52; and
an HCDR3 having no more than three amino acid additions, deletions, or substitutions from the
HCDR3 sequence set forth in SEQ ID NO:63, or i) a light chain variable domain of g) and the
heavy chain variable domain of'h).

[06679] In preferred embodiments of the eighteenth example, the light chain variable
region comprises D28 or a conservative substitution thereof, 129 or a conservative substitution
thereof, S30 or a conservative substitution thereof, N31 or a conservative substitution thereof,
Y32 or a conservative substitution thereof, Y49 or a conservative substitution thereof, D50 or a
conservative substitution thereof, N53 or a conservative substitution thereof, E55 or a
conservative substitution thereof, T56 of a conservative substitution thereof, D91 or a
conservative substitution thereof, D92 or a conservative substitution thereof, N93 or a
conservative substitution thereof, F94 or a conservative substitution thereof, or 196 or a
conservative substitution thereof. In other preferred embodiments, the light chain variable region
comprises D28 or a conservative substitution thereof, N31 or a conservative substitution thereof,
D50 or a conservative substitution thereof, N53 or a conservative substitution thereof, ES5 or a

conservative substitution thereof, D91 or a conservative substitution thereof, and D92 or a
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conservative substitution thereof. In still other preferred embodiments, the light chain variable
region comprises D28, N31, D50, N53, E55, D91, and D92.

[0080] The eighteenth example also includes ST2 binding proteins, preferably antibodies
or antigen binding fragment therof, wherein the heavy chain variable region comprises W33 ora
conservative substitution thereof, 150 or a conservative substitution thereof, D57 or a
conservative substitution thereof, R59 or a conservative substitution thereof, H9% ora
conservative substitution thereof, G100 or a conservative substitution thereof, T101 or a
conservative substitution thereof, S102 or a conservative substitution thereof, S103 or a
conservative substitution thereof, D104 or a conservative substitution thereof, Y105 or a
conservative substitution thereof, or Y106 or a conservative substitution thereof; wherein the
heavy chain variable region comprises S102 or a conservative substitution thereof, Si03 or a
conservative substitution thereof, D104 or a conservative substitution thereof, and Y105 or a
conservative substitution thereof, and wherein the heavy chain variable region comprises S102,
$103, D104, and Y105.

[0081] In certain embodiments of the eighteeth example, the ST2 antigen binding protein
specifically binds human ST2 with an affinity of less than or equal to 1 x 107" M, inhibits
hinding of human ST2 to human 1L.-33, reduces human [L-33-mediated ST2 signaling in human
ST2-expressing cells, inhibits binding of cynomolgus monkey ST2 to cynomolgus monkey IL-
33, reduces I1L-33-mediated cynomolgus monkey ST2 signaling in cynomolgus monkey ST2-

expressing cells, and/or is an antibody such as a human antibody.

BRIEF DESCRIPTION OF THE DRAWINGS

[60682] FIG. 1 ST2 mAb treatment signiﬁ’cantly inhibited IL-33-induced IL-5 in the
bronchoalveolar lavage fluid (BALF) Balb/c and C57BV/6 mice.
[G683] FIG.2 ST2 mAb treatment is efficacious in a cockroach allergen (CRA)-induced

model of asthma. ST2 antibody-treated mice had significantly fewer BALF eosinophils than
isotype control Ig-treated mice.

[6084] FIG. 3 ST2 mAbs in the iphibition of human IL-33-induced IL-5 production from
CD4+ T cells from various donors. The { — ) line depicts the positive control value of human
1L-33 in combination with human [L-2 without inhibition. The (- -- <) depicts the positive
control value of human IL-2. The (= =) line depicts the media control value.

[0085] FIG. 4 Dose response of human IL-33 in human NK cell assay.
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[6086] FIG. 5 Reduction of IL-33 activity in a human NK cell assay caused by Ab2
versus commercially —available ST2 antibodies. Clones HB12, FB9 and 2A5 were obtained from
MBL International Corporation. Clone B4E6 was obtained from MD Biosciences. Clone 97203
was obtained from R&D Systems.

[6687] FIG. 6 The location of the regions of ST2 bound by Ab2 as determined by HDX
(sco Example 12), The region corresponding to amino acids 15-26 of the extraceliular domain of
ST2 is highlighted in red and region corresponding to amino acids 70-76 of the extracellular
domain of ST2 is highlighted in magenta,

[0088] FIG. 7 Overall structure of ST2/Ab2 sc-dsFv complex. Two Ab2 sc-dsFv
molecules are shown in carfoon representation and colored in cyan/blue or light yellow/gold for
Hight chain (LCyheavy chain (HC) pair respectively. Two ST2 molecules are shown in magenta
and green cartoon.

[6089] FIG. 8 Binding interface. ST2 is shown in yellow cartoon. The heavy chain and
light chain of Ab2 are shown in grey and wheat cartoon. The CDR loops for heavy chain and
light chain are colored in the following order: COR1: red(HC) or light red(L.C); CDR2 :
green(HC) or light green (L.C); and CDR3 : blue(HC) or light blue (LC).

[6690] FIG. 9 Electrostatic surface potential map of 8T2 and Ab2 sc-dsFv. FIG.

9AY Charge and surface complementarity of ST2 and Ab2 sc-dsFv. The binding interface is
highlighted in circle, FIG. 9B) Left: Ab2 (grey/wheat cartoon) binds to the positive-charged
patch on ST2 (surface); Right: ST2 (yellow cartoon) binds to the acidic patch of Ab2 sc-dsFv
(surface). For the electrostatic potential map, red surface represents negative charge and blue
surface represents positive charge.

[6691] FIG. 10 Residues within the Ab2 variable domains that form an interface with
ST2 when bound to the antigen. The CDR regions are boxed. Residues within the interface are
shown in bold, Residues that form hydrogen bonds or salt bridges with amino acids within ST2

are jtalicized.
DETAILED DESCRIPTION

[6092] The section headings used herein are for organizational purposes only and are not
to be construed as limiting the subject matter described. All references cited within the body of
this specification are expressiy incorporated by reference in their entirety.

[603%3] Standard techniques may be used for recombinant DNA, oligenucleotide
synthesis, tissue culture and transformation, protein purification, etc. Enzymatic reactions and

purification techniques may be performed according to the manufacturer’s specifications or as
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commonly accomplished in the art or as described herein. The following procedures and
techniques may be generally performed according to conventional methods well known in the art
and as described in various general and more specific references that are cited and discussed
throughout the specification. See, e.g., Sambrook ef al., 2001, Molecular Cloning: A Laboratory
Manuel, 3" ed., Cold Spring Harbor Laboratory Press, cold Spring Harbor, N.Y ., which is
incorporated herein by reference for any purpose. Unless specific definitions are provided, the
nomenclature used in connection with, and the laboratory procedures and techniques of, analytic
chemistry, organic chemistry, and medicinal and pharmaceutical chemistry described herein are
those well known and commonly used in the art. Standard techniques may be used for chemical
synthesis, chemical analyses, pharmaceutical preparation, formulation, and delivery and

treatment of patients.

ST2

[6094] The antigen binding proteins desciibed herein bind to ST2. ST2 is expressed as
both a soluble non-signaling variant (soluble ST2 or sST2) and 4 full-length membrane-spanning
form (FL 8T2, ST2 or ST2L}. An exemplary human ST2L amino acid sequence is provided
herein in Table 1. The protein is made up of several domains: Amino acids 1-18 of correspond to
the leader sequence which may be cleaved during processing of the protein in mammalian cells;
arnino acids 19-331 correspond to the extracellular domain; amino acids 332-350 correspond to
the transmembrane domain; and amino acids 351-556 correspond to the intracellular domain. In
preferred embodiments, the antigen binding protein binds to the extracellular domain of ST2L
and prevents the interaction of ST2 with IL-33. An exemplary human JL.-33 amino acid
sequence is provided in Table 1.

[6635) 1133 signals through a heterodimeric receptor comprising ST2L and AcP. An
exemplary human AcP amino acid sequence is provided in Table 1. This protein also is made up
of several domains: Amino acids 1-20 correspond to the leader sequence which may be cleaved
during processing of the protein in mammalian cells; amino acids 21-367 correspond to the
extracellular domain; amino acids 368-388 correspond to the transmembrane domain; and arnino
acids 389-570 correspond to the intracellular domain. In exemplary ecmbodiments, an ST2
antigen binding protein binds ST2L and prevents IL-33-mediated signaling in cells expressing
ST2L and AcP.
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Table 1

Human ST2 amino acid sequence (SEQ ID NO:1)

MGFWILAILTILMYSTAAKFSKQSWGLENEALIVRCPRQGKPSYTVDWYYSQTNKSIPTQ
ERNRVFASGQLLKFLPAXVADSGIYVTCIVRSPTENRTGYANVTIYKKQSDCNVPDYLMY
STVSGSEKNSKIYCPTIDLYNWTAPLEWFKNCQALQGSRYRAHKSFLVIDNVMTEDAGD
YTCKFIHNENGANYSVTATRSFTVKDEQGFSLFPVIGAPAQNEIKEVEIGKNANLTCSACF
GKGTQFLAAVLWQLNGTKITDFGEPRIQQEEGQNQSFSNGLACLDMVLRIADVKEEDLL
LQYDCLALNLHGLRRHTVRLSRKNPIDHHSIYCIIAVCSVFLMLINVLVIILKMFWIEATL
LWRDIAKPYKTRNDGKLYDAYVVYPRNYKSSTDGASRVEHFVHQILPDVLENKCGYTL
CIYGRDMLPGEDVVTAVETNIRKSRRHIFILTPQITHNKEFAYEQEVALHCALIQNDAKVI
LIEMEALSELDMLGAEALQDSLOHLMKVQGTIKWREDHIANKRSLNSKFWKHVRYQMP
VPSKIPRKASSLTPLAAQKQ

X=ForA

Human AcP amino acid sequence (SEQ 1D NO:2)

MTLLWCVVSLYFYGILQSDASERCDDWGLDTMRQIQVFEDEPARIKCPLFEHFLKFNYS
TAHSAGLTLIWYWTRQDRDLEEPINFRLPENRISKEKDVLWFRPTLLNDTGNYTCMLRN
TTYCSKVAFPLEVVQKDSCFNSPMK LPVHKLYIEYGIQRITCPNVDGYFPSSVKPTITWY
MGCYKIQNFNNVIPEGMNLSFLIALISNNGNYTCVVTYPENGRTFHLTRTLTVKVVGSPK
NAVPPVIHSPNDHVVYEKEPGEELLIPCTVYFSFLMBSRNEVWWTIDGEKPDDITIDVTIN
ESISHSRTEDETRTQILSIKKVTSEDLKRSYVCHARSAKGEVAKAAKVEKQKVPAPRYTVE
LACGFGATVLLVVILIVVYHVYWLEMVLFYRAHFGTDETILDGKEYDIYVEY ARNAEEE
EFVLLTLRGVLENEFGYKLCIFDRDSLPGGIVTDETLSFIQKSRRLLYVLSPNYVLQGTQA
LLELKAGLENMASRGNINVILVQYKAVKETKVKELKRAKTVLTVIKWKGEKSKYPQGR.
FWKOLOVAMPVKKSPRRSSSDEQGLSYSSLENV

Human I1-33 amino acid sequence (SEQ ID NG:3)

MEKPEKMEYSTNKISTAKWKNTASKALCFKLGKSQOKAKEVCPMYFMKLRSGLMIKKEA
CYFRRETTKRPSLKTGRKHKRHLVLAACQQQSTVECFAFGISGVQKYTRALHDSSITGIS
PITEYLASLSTYNDQSITFALEDESYEIYVEDLKKDEKKDKVLLSYYESQHPSNESGDGY

DGEMLMVTLSPTKDFWLHANNKEHSVELBKCEKPLPDOQAFFVLENMHSNCVSFECKT

DPGVFIGVKDNHLALIKVDSSENLCTENILFKLSET

[6696] Exemplary embodiments of the present invention bind both human and
cynomolgus monkey ST2 with high affinity, including those that bind with high affinity and
block interaction of cynomolgus monkey IL-33 to cynomlogus monkey ST2. These

characteristics allow informative toxicology studies in non-human primates.
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[06097] An exemplary amino acid sequence of cynomolgus monkey ST2L is provided in
Table 2. The protein is made up of several domains: amino acids 1-18 of correspond to the
leader sequence which may be cleaved during processing of the protein in mammalian cells;
amino acids 19-331 correspond to the extracellular domain; amino acids 332-350 correspond to
the transmembrane domain; and amino acids 351-556 correspond to the intracellular domain.
[6098] An cxemplary amino acid sequences of cynomolgus monkey AcP is provided in
Table 2. The protein is made up of several domains: amino acids 1-20 of correspond to the
leader sequence which may be cleaved during processing of the protein in mammalian cells;
amino acids 21-367 correspond to the extracellular domain; amino acids 368-388 correspond to
the transmembrane domain; and amino acids 389-570 correspond to the intracellular domain.
[6699] An exemplary amino acid sequence of cynomolgus monkey 11-33 is provided in
Table 2.

Table 2

Cynomolgus monkey ST2 amino acid sequence (SEQ 1D NO:4)

MGLWILAILTILVYSTAAKFSKQSWGLENEALIVRCPRQGKSSYIVDWYY SQTNKSIPTQ
ERNRVFASGQLLKFLPAEVADSGIYTCIVRSPTENRTGY ANVTIYKKQPDCNVPDYLMYS
TVSGSEKNSKIYCPTIDLYNWTAPLEWFKNCQALQGSRYKAHKSFLVIDNVMTDDAGD
YTCKFIHNENGANYSVTATRSFTVKDEQGESRFPVIRAPAHNETKEVEIGENTNLTCSAC
FGKGAQFLATVQWQLNGNKITDFSEPRIQQEEGONQSFSNGLACVNTVLRIADVKEEDL
LLRYDCLALNLHGLRRETIRLSRKNPIDHQSTY CHAVCSVLLMLINILVIILK TFWIEATLL
WRDIAKPYKTRNDGKLYDAY VIYPRNY TSSADGASRVEYFVHQILPDVLENKCGYTLCI
YGRDMLPGEDVVTAVETNIRK SRRHIFILTPQITHSEEFAYEQEVALHSALIONDSK VILIE
MEALSELDMLQAEALQDSLRHLMEVQGTIKWREDHVANKRSLNSKFWKHVRYQMPVP
SKMPREKASSLTSLAAQKQ

Cynomolgus monkey AcP amino acid sequence (SEQ ID NO:5)

MTLLWCVVSLYFYGILQSDASERCDDWGLDTMRQIQVFEDEPARIKCPLFEHFLKFNYS
TAHSAGLTLIWYWTRQDRDLEEPINFRLPENRISKEKDVLWFRPTLLNDTGNYTCMLRN
TTYCSKVAFPLEVVQKDSCFNSPMKLPVHKLYIEYGIQRITCPNVDGYEPSSVKPTITWY
MGCYKIQNFNNVIPEGMNLSFLIAFISNNGNY TCVVTYPENGRTFHLTRTLTVKVVGSPK
NAVPPVIHSPNDHVVYEKEPGEELLIPCTVYFSFLMDSRNEVWWTIDGKKPDDIPIDVTIN
ESISHSRTEDETRTQILSIKKVTSEDLKRSY VCHARSAKGEVAKAATVKQEVPAPRYTVE
LACGFGATVLLVVILIVVYHVYWLEMVLFYRAHFGTDETILDGKEYDIYVSYARNAEEE
EFVLLTLRGVLENEFGYKLCIFDRDSLPGGIVTDETLSFIQKSRRLLVVLSPNYVLQGTQA
LLELKAGLENMASQGNINVILVQYKAVKETKVKELKRAKTVLTVIKWKGEKSKYPQGR
FWKQLQVAMPVKKSPRRSSSDEQGLSYSSLKNV
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Cynomelgus monkey IL-33 amino acid sequence (SEQ ID NO:6)

MKPKMKYSTNKISTAKRKNTASKALCFKLGKSQQKAKEVCHVYFMKLRSGLMIKKEA
CYFRRETTKRPSLKTGGKHKGHLVLAACQQQSTVECFAFGISGVPKYTRALHDSSITGIS
PITESLASLSTYNDQSITFALEDESYEIYVEDLKKDKKKDK VLLSYYESQHPSSESGDGVD
GKMLMVTLSPTKDFWLQANNKEHSVELHKCEKPLPDQAFFVLHNRSFNCVSFECKTDP
GVFIGVKDNHLALIKVDHSENLGSENILFKLSEI

ST2 Antigen Binding Proteins
[00100] The present invention provides antigen binding proteins that specifically bind

STZ. Embodiments of antigen binding proteins comprise peptides and/or polypeptides that
specifically bind ST2. Such peptides or polypeptides may optionally include one or more port-
translational modifications. Embodiments of antigen binding proteins include antibodies and
fragments thereof, as variously defined herein, that specifically bind 8T2. These include
antibodies that specifically bind human ST2, including those that inhibit IL-33 from binding
and/or activating ST2.

[08101] The antigen binding proteins of the invention specifically bind to ST2.
“Specifically binds” as used herein means that the antigen binding protein preferentially binds
ST2 over other proteins. In some embodiments “specifically binds” means the ST2 antigen
binding protein has a higher affinity for ST2 than for other proteins. ST2 antigen binding
proteins that specifically bind ST2 may have a binding affinity for human ST2 of less than or
equal to 1 x 107 M, less than or equal to 2 x 107 M, less than or equal to 3 x 107 M, less than or
equal to 4 x 107 M, less than or equal to 5 x 107 M, less than or equal to 6 x 107 M, less than or
equal to 7 x 107 M, less than or equal to 8 x 107 M, less than or equal to 9 x 107 M, less than or
equal to 1 x 10 M, Jess than or equal to 2 x 10 M, less than or equal to 3 x 10™ M, less than or
equal to 4 x 10°* M, less than or equal to 5 x 10™° M, less than or equal to 6 x 10”° M; less than or
equal to 7 x 107 M, less than or equal to 8 x 107 M, less than or equal to 9 x 10 M, less than or
equal to 1 x 10° M, less than or equal to 2 x 10™ M, less than or equal to 3 x 10 M, less than or
equal to 4 x 10° M, less than or equal o 5 x 10 M, less than or equal to 6 x 10” M, less than or
equal to 7 x 107 M, less than or equal to 8 x 10°° M, less than or equal to 9 x 10 M, less than or
equal to 1 x 107° M, less than or equal to 2 x 107" M, less than or equal to 3 x 1079 M, less than
or equal to 4 x 107 M, less than or equal to 5 x 107 M, less than or equal to 6 x 107 M, less
than or equal o 7 x 1010 M, less than or equal to 8 x 1071 M, less than or equal to 9 x 10719 M,
less than or equal to 1 x 107" M, less than or equal to 2 x 107" M, less than or equal to 3 x 10"

M, less than or equal to 4 x 10711 M, less than or equal to S x 1ot M, less than or equal to 6 x 167
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1M, Jess than or equal to 7 x 107! M, less than or equal to § x 107" M, less than or equal to 9 x
1071 M, less than or equal to 1 x 107 M, less than or equal to 2 x 10" M, less than or equal to 3
x 1072 M, less than or equal to 4 x 10"2 M, less than or equal to 5 x 10 M, less than or equal to
6 x 1072 M, less than or equal to 7 x 1072 M, less than ot equal to 8 x 1072 M, or less than or
equal to 9 x 107 M.

[66162) Methods of measuring the binding affinity of an antigen binding protein are well
known in the art. Methods in common use for affinity determination include Surface Plasmon
Resonance (SPR) (Morton and Myszka “Kinetic analysis of macromolecular interactions using
surface plasmon resonance biosensors” Methods in Enzymology (1998) 295, 268-294), Bio-Laver
Interferometry, (Abdiche e af “Determining Kinetics and Affinities of Protein Interactions Using
a Parallel Real-time Label-free Biosensor, the Octet” Analytical Biochemistry (2008) 377, 209-
217), Kinetic Exclusion Assay (KinExA) (Darling and Brault “Kinetic exclusion assay
technology: characterization of molecular interactions” Assay and Drug Dev Tech (2004) 2, 647-
657), isothermal calorimetry (Pierce et al “Isothermal Titration Calorimetry of Protein-Protein
Interactions” Methods (1999) 19, 213-221} and analytical uitracentrifugation {(Lebowitz et al
“Modermn analytical ultracentrifugation in protein science: A tutorial review” Protein Science
(2002), 11:2067-2079). Example 3 provides exemplary methods.

[6G103] 1t is understood that when reference is made to the various embodiments of the
ST2-binding antibodies herein, that it also encompasses ST2-binding fragments thereof. An
ST2-binding fragment comprises any of the antibody fragments or domains described herein that
retains the ability to specifically bind to ST2. The ST2-binding fragment may be in any of the
scaffolds described herein.

[66104] In certain therapeutic embodiments, an ST2 antigen binding protein inhibits
binding of 8T2 to IL-33 and/or inhibits one or more biological activities associated with the
binding of ST2 to IL-33, e.g., IL-33-mediated signaling. Such antigen binding proteins are said
to be “neutralizing.” In certain embodiments, the neutralizing ST2 antigen binding protein
specifically binds ST2 and inhibits binding of 8T2 to IL-33 from anywhere between 10% to
100%, such as by at least about 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39, 40,41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66,67, 68,69,70,71,72, 73,74, 75,76, 77, 78, 79, 80, 81, 82, 83, §4, 85, 86, &7, 8§,
89, 90,91, 92, 93, 94, 95, 96, 97, 98, 99% or more. For example, ST2 antigen binding profeins
may be tested for neutralizing ability by determining the ability of the antigen binding protein to
block binding of IL-33 to ST2 or IL-33 to co-receptors ST2 and AcP, see, e.g., the I1-33

blocking assays of Example 6. Alternatively, ST2 antigen binding proteins may be tested for
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neutralizing ability in an assay that measures the effect of the presence of the ST2 antigen
binding protein in an assay measuring an IL-33 mediated biological function, For example, the
ability of IL-33 to induce a biological response, such as intracellular signaling or increased
mRNA cxpression of mediators or secretion of mediators such as cytokines and chemokines from
cells such as eosinophils, basophils, T cells, mast cells, NK cells, NKT cells, neutrophils, or
mnnate helper cclls. Alternatively, the ability of IL-33 to promote the differentiation, proliferation,
survival, chemotaxis, shape change or adhesive properties of cells such as cosinophils, basophils,
T cells, mast cells, NK cells, NKT cells, neutrophils, or innate helper cells. Alternatively, the
ability of IL-33 to induce cell surface expression of certain markers of ccll activation, such as
CD11b, on cells such as eosinophils, basophils, T cells, mast cells, NK cells, NKT cells,
neutrophils, or innate helper cells. Exemplary methods are provided in Examples 7-10.
[06165] Embodiments of antigen binding proteins comprise a scaffold structure, as
variously defined herein, with one or more complementarity determining regions (CDRs).
Embodiments further include antigen binding proteins comprising a scaffold structure with one
or more anttbody variable domains, either heavy or light. Embodiments include antibodies that
comprise & light chain variable domain selected from the group consisting of Abl Light Chain
Variable Domain (LCv), Ab2 LCv, Ab3 LCv, Ab4 LCv, AbS LCv, Ab6 LCv, Ab7 LCv, Ab8
LCy, Ab9 LCv, Ab10LCv, Abl11 LCv, Ab30 LCv, Ab32 LCv, and Ab33 LCv (SEQ 1D NO:95-
105, 163-163, respectively) and/or a heavy chain variable domain selected from the group
consisting of Abl Heavy Chain Variable Domain (HCv), Ab2 HCv, Ab3 HCv, Ab4 HCv, Ab3
HCv, Ab6 HCv, Ab7 HCv, Ab8 HCv, AbS HCv, Ab10 HCv, Ab11HCv, Ab30HCv, Ab32HCv,
and Ab33HCv (SEQ ID NO:29-39, 145-147, respectively), and fragments, derivatives, muteins,
and variants thereof.,

[06196] An exemplary light chain comprising Abl LCv is z light chain comprising the
amino acid sequence set forth in SEQ ID NO:84.

166167) An exemplary light chain comprising Ab2 LCv is a light chain comprising the
amino acid sequence sét forth in SEQ ID NO:85.

(60108} An exemplary light chain comprising Ab3 LCv is a light chain comprising the
amino acid sequence set forth in SEQ 1D NO:86.

[006109) An exemplary light chain comprising Ab4 LCv is a light chain comprising the
amino acid sequence set forth in SEQ 1D NO:87.

[60110] An cxemplary light chain comprising Ab3 L.Cv is a light chain comprising the
amino acid sequence set forth in SEQ ID NO:88.
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[066111] An exemplary light chain comprising Ab6 LCv is a light chain comprising the
amino acid sequence set forth in SEQ ID NO:89.

[66112) An exemplary light chain comprising Ab7 LCv is a light chain comprising the
amino acid sequence set forth in SEQ 1D NO:90.

[60113) An exemplary light chain comprising Ab8 LCv is a light chain comprising the
amino acid sequence set forth in SEQ ID NO:91L.

f00114] An exemplary light chain comprising AbS LCv is a light chain comprising the
amino acid sequence set forth in SEQ ID NO:92.

[66115) An exemplary light chain comprising Ab10 LCv is a light chain comprising the
amino acid sequence set forth in SEQ ID NO:93.

[66116] An exemplary light chain comprising Ab11 LCv is a light chain comprising the
amino acid sequence set forth in SEQ ID NO:94.

[66117] An exemplary light chain comprising Ab30 LCv is a light chain comprising the
amino acid sequence set forth in SEQ 1D NO:160.

[66118) An exemplary light chain comprising Ab32 LCv is a light chain comprising the
amino acid sequence set forth in SEQ ID NQ:161.

[06119] An exemplary light chain comprising Ab33 LCv is a light chain comprising the
amino acid sequence set forth in SEQ 1D NO:162.

1606126 An exemplary heavy chain comprising Abl HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ 1D NO:18.

[00121) An exemplary heavy chain comprising Ab2 HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ ID NO:19.

[08122) An exemplary heavy chain comprising Ab3 HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ ID NO:20.

{60123 An exemplary heavy chain comprising Ab4 HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ ID NO:21.

[06124) An exemplary heavy chain comprising Ab5 HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ ID NO:22.

[00125] An exemplary heavy chain comprising Ab6 HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ ID NO:23.

[06126} An exemplary heavy chain comprising Ab7 HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ ID NO:24.

(60127 An exemplary heavy chain comprising Ab& HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ ID NO:25.
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[06128] An exemplary heavy chain comprising Ab9 HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ 1D NO:26.

‘[0{% 129] An exemplary heavy chain comprising Ab10 HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ ID NO:27.

[66130] An exemplary heavy chain comprising Ab1l HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ 1D NO:28.

[006131) An exemnplary heavy chain comprising Ab30 HCv is a heavy chain comprising the
aming acid sequence set forth in SEQ ID NQ:142.

[60132] An exemplary heavy chain comprising Ab32 HCv is a heavy chain comprising the
amino acid sequence get forth in SEQ 1D NO:143.

[66133] An exemplary heavy chain comprising Ab33 HCv is a heavy chain comprising the
amino acid sequence set forth in SEQ 1D NO:144.

[006134] Additional examples of scaffolds that are envisioned include: fibronectin,
neocarzinostatin CBM4-2, lipocalins, T-cell receptor, protein -A domain (protein Z), Im9, TPR
proteins, zinc finger domains, pVII, avian pancreatic polypeptide, GON4, WW domain Sre
homology domain 3, PDZ domains, TEM-1 beta-lactamase, thioredoxin, staphylococcal
nuclease, PHD-finger domains, CL-2, BPTI, APPL, HPSTI, ecotin, LACI-D1, LDTI, MTI-H,
scorpion toxins, insect defensin-A peptide, EETI-II, Min-23, CBD, PBP, cytochrome b-562, Ldl
receptor domaing, gamma-crystallin, ubiquitin, transferrin, and or C-type lectin-like domains.
Non-antibody scaffolds and their use as therapeutics are reviewed in Gebauver and Skerra, Curr.
Opin. Chem. Biol., 13:245-255 (2009) and Binz et al., Nat, Biotech., 23(10):1257-1268 (20035),
which are incorporated herein by reference in its entirety.

[60135] Aspects of the invention include antibodies comprising the following variable
domains: Abl LCv/Ab! HCv (SEQ ID NO:95/SEQ 1D NO:29), Ab2 L.Cv/Ab2 HCv (SEQ ID
NO:96/SEQ ID NO:30), Ab3 LCv/AD3 HCv {SEQ ID NO:97/SEQ ID NG:31), Ab4 LCv/Ab4
HCv (SEQ ID NO:98/SEQ 1D NO:32), Ab3 LCv/AbS HCv (SEQ 1D NO:99/SEQ ID NO:33),
Ab6 LCv/Ab6 HCv (SEQ ID NO:T00/SEQ ID NO:34), Ab7 LCV/AL7T HCv (SEQ ID
NO:101/SEQ ID NO:35), Ab8 LCV/ADb8 HCv (SEQ ID NO:102/SEQ ID NO:36), A9 LCv/ADS
HCv (SEQ 1D NO:103/SEQ ID NO:37), Abl0 LCvw/ADb10 HCv (SEQ 1D NO:104/SEQ 1D
NO:38), Ab11 LCv/ADbL HCv (SEQ ID NO:105/SEQ 1D NO:39), Ab30 LCv/Ab30 HCv (SEQ
1D NG:163/SEQ 1D NO:1435), Ab32 LCv/AD32 HCv (SEQ ID NO:164/SEQ 1D NO:146), Ab33
LCv/Ab33 HCv (SEQ ID NO:165/SEQ ID NO:147), and combinations thereof, as well as

fragments, derivatives, muteins and variants thereof.



WO 2013/173761 PCT/US2013/041656

j60136] Exemplary antibodies of the invention include Ab1 {(SEQ ID NO:84/SEQ ID
NO:18), Ab2 (SEQ ID NO:85/SEQ ID NO:19), Ab3 (SEQ ID NO:B6/SEQ ID NO:20), Ab4
(SEQ ID NO:87/SEQ ID NO:21), Ab5 (SEQ ID NO:8&/SEQ ID NO:22), Ab6 (SEQ ID
NO:89/SEQ 1D NO:23), Ab7 (SEQ ID NO:90/SEQ ID NO:24), Ab8 (SEQ ID NO:91/SEQ ID
NO:25), Ab9 (SEQ ID NO:92/SEQ ID NO:26), Ab10 (SEQ ID NO:93/SEQ ID NO:27), Abl1
(SEQ ID NO:94/SEQ ID NO:28), Ab30 (SEQ ID NO:160/SEQ ID NO:142), Ab32 (SEQ ID
NO:161/SEQ ID NO:143), and Ab33 (SEQ ID NO:162/SEQ IID NO:144).

[66137] Typically, each variable domain of an antibody light or heavy chain comprises
three CDRs. The heavy chain variable domain comprises a heavy chain COR1 (HCDR1), a
heavy chain CDR2 (HCDR2), and a heavy chain CDR3 (HCDR3). The light chain variable
domain comprises a light chain CDR1 (LCDRI), a light chain CDR2 (LCDR2), and a light chain
CDR3 (LCDR3). In certain embodiments, an antigen binding protein comprises one or more
CDRs contained within the preferred variable domains described herein.

[00138] Examples of such CDRs include, but are not limited to:

[66139] the CDRs of Abl LCv: LCDRI (SEQ ID NO:106), LCDR2 (SEQ ID NO:117),
and LCDR3 (SEQ ID NO:128);

[00140] the CDRs of Ab2 LCv: LCDR1 (SEQ ID NO:107), LCDR2 (SEQ ID NO:118),
and LCDR3 (SEQ ID NO:129);

[66141] the CDRs of Ab3 LCv: LCDR1 (SEQ ID NO:108), LCDR2 (SEQ ID NO:119),
and LCDR3 (SEQ 1D NO:130),

[0G6142] the CDRs of Ab4 LCv: LCDRI (SEQ ID NO:109), LCDR2 (SEQ ID NO:120),
and LCDR3 (SEQ 1D NO:131);

[60143] the CDRs of AbS LCv: LCDR1 (SEQ ID NO:110), LCDR2 (SEQ ID NO:121),
and LCDR3 (SEQ 1D NO:132);

[60144] the CDRs of Ab6 LCv: LCDRI (SEQ 1D NO:111), LCDR2 (SEQ D NO:122),
and LCDR3 (SEG ID NO:133);

[00145] the CDRs of Ab7 LCv: LCDR1 (SEQ ID NO:112), LCDR2 (SEQ 1D NO:123),
and LCDR3 (SEQ ID NO:134);

[00146] the CDRs of Ab8 LCv: LCDR1 (SEQ ID NO:113), LCDR2 (SEQ ID NQ:124),
and LCDR3 (SEQ ID NO:135);

[06147] the CDRs of Ab9 LCv: LCDR1 (SEQ 1D NO:114), LCDR2 (SEQ ID NO:125),
and LCDR3 (SEQ ID NO:136);

[66148] the CDRs of Ab10 LCv: LCDRI (SEQ 1D NO:115), LCDR2 (SEQ ID NO:126),
and LCDR3 (SEQ ID NO:137);
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[60149] the CDRs of Ab11 L.Cv: LCDRI1 (SEQ 1D NO:116), LCDR2 (SEQ ID N0O:127),
and LCDR3 (SEQ ID NO:138),

[00150] the CDRs of Ab30 LCv: LCDRI (SEQ ID NO:166), LCDR2 (SEQ ID NO:169),
and LCDR3 (SEQ ID NO:172);

[00151} the CDRs of Ab32 LCv: LCDR1 (SEQ ID NO:167), LCDR2 (SEQ ID NO:170),
and LCDR3 (SEQ ID NO:173);

{00152] the CDRs of Ab33 LCv: LCDR1 (SEQ 1D NO:168), LCDR2 (SEQ ID NO:171),
and LCDR3 (SEQ ID NO:174);

[006153) the CDRs of Abl HCv: HCDR1 (SEQ 1D NO:40), HCDR2 (SEQ ID NO:51), and
HCDR3 (SEQ ID NO:62);

[66154] the CDRs of Ab2 HCv: HCDRI (SEQ 1D NO:41), HCDR2 (SEQ ID NO:52), and
HCDR3 (SEQ ID NO:63); ,

[66155] the CDRs of Ab3 HCv: HCDR1 (SEQ ID NO:42), HCDR2 (SEQ ID NO:53), and
HCDR3 (SEQ ID NO:64),

[60156] the CDRs of Ab4 HCv: HCDRI1 (SEQ 1D NO:43), HCDR2 (SEQ ID NO:54), and
HCDR3 (SEQ ID NO:65);

[0B157] the CDRs of AbS HCv: HCDRI (SEQ ID NO:44), HCDR2 (SEQ ID NO:55), and
HCDR3 (SEQ ID NO:66);

[006158] the CDRs of Ab6 HCv: HCDR1 (SEQ ID NO:45), HCDR2 (SEQ ID NO:56), and
HCDR3 (SEQ ID NO:67);

[606159] the CDRs of Ab7 HCv: HCDRI (SEQ ID NO:46), HCDR2 (SEQ ID NO:57), and
HCDR3 (SEQ ID NO:68);

[66164] the CDRs of Ab8 HCv: HCDRI (SEQ 1D NO:47), HCDR2 (SEQ ID NO:58), and
HCDR3 (SEQ ID NO:69),

[60161] the CDRs of Ab9 HCv: HCDR1 (SEQ ID NO:48), HCDR2 (SEQ ID NO:59), and
HCDR3 (SEQ ID NO:70y;

[60162] the CDRs of AbIQ HCv: HCDRI (SEQ ID NO:49), HCDR2 (SEQ 1D NO:60),
and HCDR3 (SEQ ID NO:71);

[00163] the CDRs of Ab11 HCv: HCDR1 (SEQ ID NO:50), HCDR2 (SEQ ID NO:61),
and HCDR3 (SEQ 1D NO:72);

[60164] the CDRs of Ab30 HCv: HCDR1 (SEQ ID NO:148), HCDR2 (SEQ ID NO:151),
and HCDR3 (SEQ 1D NO:154),

[66165] the CDRs of Ab32 HCv: HCDR1 (SEQ 1D NO:149), HCDR2 (SEQ 1D NQ:152),
and HCDR3 (SEQ ID NO:155); and
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[60166] the CDRs of Ab33 HCv: HCDRI (SEQ ID NO:150), HCDR2 (SEQ 1D NO:153),
and HCDR3 (SEQ ID NO:156).

[00167] In some embodiments, the antigen binding protein comprises: A) a polypeptide,
e.g., a light chain, that comprises an LCDR1 having an amino acid sequence selected from the
group consisting of SEQ ID NOS:106, 107, 108, 109, 110, 111, 112, 113,114, 115, 116, 166,
167, and 168; an LCDR2 having an amino acid sequence selected from the group consisting of
SEQIDNOS:117,118, 119,120, 121, 122,123, 124, 125, 126, 127, 169, 170, and 171, and/or
‘an LCDR3 having an amino acid sequence selected from the group consisting of SEQ ID
NOS:128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 172, 173, and 174; and/or B) a
polypeptide, e.g., a heavy chain, that comprises an HCDR1 having an amino acid sequence
selected from the group consisting of SEQ 1D NOS:40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 148,
149, and 150; an HCDR2 having an amino acid sequence selected from the group consisting of
SEQ ID NOS:51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 151, 152, and 133; and/or an HCDR3
having an amino acid sequence selected from the group consisting of SEQ ID NOS:62, 63, 64,
63, 66, 67, 68, 69, 70, 71, 72, 154, 1535, and 156.

[00168] In further embodiments, the antigen binding protein comprise A) a light chain
amino acid sequence that comprises a LCDR1, LCDR2, and LCDR3 of any of Abl LCv, Ab2
LCy, Ab3 LCv, Ab4 LCv, AbS LCv, Ab6 LCv, Ab7 LCv, Ab8 LCv, AbS LCv, Ab10 LCv, Abl!
LCv, Ab30 LCv, Ab32 LCv, and Ab33 LCv and B) a heavy chain amino acid sequence that
comprises a HCDR1, HCDR2, and HCDR3 of any of Ab] HCv, AbZ HCv, Ab3 HCv, Ab4 HCyv,
Ab5 HCv, Ab6 HCv, Ab7 HCv, Ab8 HCy, Ab9 HCv, Ab10 HCv, Ab11 HCv, Ab30 HCv, Ab32
HCv, and Ab33 HCv.

[60169) In certain embodiments, the CDRs include no more than one, no more than two,
no more than three, no more than four, no more than five, or no more than six amino acid
additions, deletions, or substitutions from an exemplary CDR set forth herein.

[66178] Aspects of the invention include antibodies comprising a light chain variable
domain selected from the group consisting of SEQ ID N(OS:95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 163, 164, and 165. Aspects of the invention include antibodies comprising a
heavy chain variable domain selected from the group consisting of SEQ ID NOS:29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39, 145, 146, and 147. Further aspects of the invention include antibodies
comprising A) a light chain variable domain selected from the group consisting of SEQ ID NOS:
05,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 163, 164, and 163, and B) a heavy chain variable
domain selected from the group consisting of SEQ ID NOS: 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 1435, 146, and 147.
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[66171) Antibodies of the invention can comprise any constant region known in the art.
The light chain constant region can be, for example, a kappa- or lambda-type light chain constant
region, e.g., 4 human kappa- or lambda-type light chain constant region. The heavy chain
constant region can be, for example, an alpha-, delta-, epsilon-, gamma-, or mu-type heavy chain
constant region, €.g., a human alpha-, delta-, epsilon-, gamma-, or mu-type heavy chain constant
region. In one embodiment the light or heavy chain constant region is a fragment, derivative,
variant, or mutein of a naturally occurring constant region.

[06172] Aspects of the invention include antibodies comprising a light chain variable
region sclected from the group congisting of SEQ ID NOS: 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 163, 164, and 163 having no more than one, no more than two, no more than
three, no more than four, no more than five, no more than six, no more than seven, no more than
eight, no more than nine, or no more than ten amino acid additions, deletions, or substitutions.
Aspects of the invention include antibodies comprising a heavy chain variable region selected
from the group consisting of SEQ 1D NOS: 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 145, 146,
and 147 having no more than one, no more than two, no more than three, no more than four, no
more than five, no more than six, no more than seven, no more than eight, no more than nine, or
no more than ten amino acid additions, deletions, or substitutions. Further aspects of the
invention include antibodies comprising A) comprising a light chain variable region selected
from the group consisting of SEQ ID NOS: 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 163,
164, and 165having no more than one, no more than two, no more than three, no more than four,
no more than five, no more than six, no more than seven, no more than eight, no more than nine,
or no more than ten amino acid additions, deletions, or substitutions, and B) a heavy chain
variable region selected from the group consisting of SEQ ID NOS: 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 145, 146, and 147 having no more than one, no more than two, no more than three, no
more than four, no more than ﬁ\}e, no more than six, no more than seven, no more than eight, no
more than nine, or ho more than ten amino acid additions, deletions, or substitutions.

[00173] In one variation, the antigen binding protein comprises an amino acid sequence
that is at least 80%, af least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at icast 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to a light chain variable region amino acid sequence selected from the group consisting of SEQ
I NOS: 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 163, 164, and 165. In another
variation, the antigen binding protein comprises an amino acid sequence that is af least 80%, at

least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least §7%, at
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least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to a heavy chain
variable region amino acid sequence selected from the group consisting of SEQ ID NOS: 29, 30,
31, 32,33, 34, 35, 36, 37, 38, 39, 145, 146, and 147. In yet a further embodiment, the antigen
binding protein comprises A) an amino acid sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at lcast 85%, at least 86%, at least 87%, at least §8%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical to a light chain variable region amino
acid sequence selected from the group consisting of SEQ 1D NOS: 95, 96, 97, 98, 99, 100, 101,
102, 103, 104, 103, 163, 164, and 165, and B) an amino acid sequence that is at least 80%, at
least 819%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 949%,, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to a heavy chain
variable region amino acid sequence selected from the group consisting of SEQ ID NGS: 28, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 145, 146, and 147,

[60174] In certain embodiments, the antigen binding protein comprises a light chain and/or
heavy chain CDR3. In some embodiments, the antigen binding protein comprises an amino acid
sequence selected from the group of sequences set forth in SEQ ID NOS:128, 129, 130, 131, 132,
133, 134, 135, 136, 137, 138,172, 173, 174, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 154, 155,
and 156, In certain embodiments, the amino acid sequence includes no more than one, no more
than two, no more than three, no more than four, no 'more than five, or no more than six amino
acid additions, deletions, or substitutions from the exemplary sequence set forth in SEQ 1D NOS:
128,129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 172, 173, 174, 62, 63, 64, 65, 66, 67, 68,
69, 70,71, 72, 154, 155, and 156. Thus, embodiments of the invention include antigen binding
protein comprising an amino acid sequence that is at least 80%, at least 81%, at teast 82%, at
least 83%, at least §4%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%,, at
lcast 90%, at least 91%, at least 92%, at least 93%, af least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical to an amino acid sequence selected from the
group of sequences set forth in SEQ 1D NOS: 128, 129, 1306, 131, 132, 133, 134, 135, 136, 137,
138,172, 173, 174, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 154, 155, and 156.

{60175] In certain embodiments, the antigen binding protein comprises a light chain and/or
heavy chain CDR2, In some embodiments, the antigen binding protein comprises an amino acid
sequence selected from the group of sequences set forth in SEQ ID NOS:117, 118, 119, 120, 121,
122,123, 124, 125, 126, 127, 169, 170, 171, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 151, 152,
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and 153, In certain embodiments, the amino acid sequence includes no more than one, no more
than two, no more than three, no more than four, no more than five, or no more than six amino
acid additions, deletions, or substitutions from the exemplary sequence set forth in SEQ ID NOS:
117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 169, 170, 171, 51, 52, 53, 54, 55, 56, 57,
38, 59, 60, 61, 151, 152, and 153. Thus, embodiments of the invention include antigen binding
protein comprising an amino acid sequence that is at least 80%, at least 81%, at least 82%, at
least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least $5%, at least 96%, at
least 97%, at least 98%, or at least 99% identical to an amino acid sequence selected from the
group of sequences set forth in SEQ ID NOS: 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 169, 1706, 171, 51, 52, 53, 54, 55, 36, 57, 58, 39, 60, 61, 151, 152, and 153.

[08176] In certain embodiments, the antigen binding protein comprises a light chain and/or
heavy chain CDRI. In some embodiments, the antigen binding protein comprises an amino acid
sequence selected from the group of sequences set forth in SEQ ID NOS:106, 107, 108, 109, 110,
111,112,113, 114, 115, 116, 166, 167, 168, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 148, 149,
and 150. In certain embodiments, the amino acid sequence includes no more than one, no more
than two, no more than three, no more than four, no more than five, or no more than six amino
acid additions, deletions, or substitutions from the exemplary sequence set forth in SEQ ID NOS:
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 166, 167, 168, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 148, 149, and 150. Thus, embodiments of the invention include antigen binding
protein comprising an amino acid sequence that is at least 80%, at least 81%, at least 82%, at
least 83%, at least 84%, at least 85%, at least 86%, at least §7%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical to an amino acid sequence selected from the
group of sequences set forth in SEQ ID NOS: 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 166, 167, 168, 40, 41, 42, 43, 44, 43, 46, 47, 48, 49, 50, 148, 149, and 150.

(06177} The antigen binding proteins of the invention comprise the scaffolds of traditional
antibodies, including human and monoclonal antibodies, bispecific antibodies, diabodies,
minibodies, domain antibodies, synthetic antibodies (sometimes referred to herein as “antibody
raimetics”™), chimeric antibodies, antibody fusions (sometimes referred to as “antibody
conjugates’™, and fragments of each, respectively. The above described CDRg, including various
combinations of the CDRs, may be grafted into any of the following scaffolds.

[06178] As used herein, the term “antibody”™ refers to the various forms of monomeric or

multimeric proteins comprising one or more polypeptide chains that specifically binds to an

- 38 -



WO 2013/173761 PCT/US2013/041656

antigen, as variously described herein, In certain embodiments, antibodies are produced by
recombinant DNA techniques. In additional embodiments, antibodies are produced by enzymatic
or chemical cleavage of naturally occurring antibodies. In another aspect, the antibody is
selected from the group consisting of: a) a human antibody; b) a humanized antibody; ¢) a
chimeric antibody; d) a monoclonal antibody; €) a polyclonal antibody; f) & recombinant
antibody; g) an antigen-binding fragment; h) a single chain antibody; 1) a diabody; j) a triabody,
k) a tetrabody, 1) a Fab fragment; m) a F(ab’), fragment, n) an IgA antibody, o) an IgD antibody,
p) an IgE antibody, q) an IgG1 antibody, r) an IgG2 antibody, s} an 1gG3 antibody, t) an 1gG4
antibody, and u) an IgM antibody.

166179 A variable region or domain comprises at least three heavy or light chain CDRs
embedded within a framework region (designated framework regions FR1, FR2, FR3, and FR4).
Kabat et al., 1991, Sequences of Proteins of Immunological Interest, Public Health Service
N.LH., Bethesda, MD. Traditional antibody structural units typically comprise a tetramer. Each
tetramer 18 typically composed of two identical pairs of polypeptide chains, each pair having one
“light” and one “heavy” chain. The amino-terminal portion of each chain includes a variable
region of about 100 to 110 or more amino acids primarily responsible for antigen recognition.
The carboxy-terminal portion of each chain defines a constant region primarily responsible for
effector function. Human light chains are classified as kappa or lambda light chains. Heavy
chains are clagsified as mu, delta, gamma, alpha, or epsilon, and define the antibody's isotype as
IgM, IgD, 1gG, IgA, and IgE, respectively. IgG has several subclasses, including, but not limited
to 1gG1, 1gG2, 1gG3, and IpG4. 1gM has subclasses, including, but not limited to 1gM1 and
IgM2. Embodiments of the invention include all such classes and subclasses of antibodies that
incorporate a variable domain or CDR of the anfigen binding proteins, as described herein.
[00180) Some naturally occurring antibodies, such as those found in camels and Hamas,
are dimers consisting of two heavy chains and include no light chains.  The invention
encompasses dimeric antibodies of two heavy chains, or fragments thereof, that can bind to ST2.
[GG181] The variable regions of the heavy and light chains typically exhibit the same
general structure of relatively conserved framework regions (FR) joined by three hypervariable
regions, i.c., the complementarity determining regions or CDRs. The CDRs are primarily
responsible for antigen recognition and binding. The CDRs from the two chains of cach pair are
aligned by the framework regions, enabling binding to a specific epitope. From N-terminal to C-
terminal, both light and heavy chains comprise the domains FR1, CDR1, FR2, CDR2, FR3,
CIDR3, and FR4. The assignment of amino acids to each domain is in accordance with the

definitions of Kabat,
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[60182] CDRs constitute the major surface contact points for antigen binding. The CDR3
or the light chain and, particularly, CDR3 of the heavy chain may constitute the most important
determinants in antigen binding within the light and heavy chain variable regions. In some
antibodies, the heavy chain CDR3 appears to constitute the major area of contact between the
antigen and the antibody. In vitro selection schemes in which CDR3 alone is varied can be used
to vary the binding propertics of an antibody or determine which residues contribute to the
binding of an antigen.

J60183] Naturally ocourring antibodies typically include a signal sequence, which directs
the antibody into the cellular pathway for protein secretion and which is typically not present in
the mature antibody. A polynucleotide encoding an antibody of the invention may encode a
naturally occurring a signal sequence or a heterclogous signal sequence as described below.
[60184] In one embodirment, the antigen binding protein is an antibody comprising from
one to six of the exemplary CDRs described herein. The antibodies of the invention may be of
any type including IgM, IgG (including IgGl1, 1gG2, 1gG3, 1gG4), IgD, IgA, or IgE antibody. In
a specific embodiment the antigen binding protein is an IgG type antibody, e.g., a IgG1 antibody.
[66185] In some embodiments, for example when the antigen binding protein is an
lemtibody with complete heavy and light chains, the CDRs are all from the same species, ¢.g.,
human. Alfernatively, for example in embodiments wherein the antigen binding protein containg
fess than six CDRs from the sequences outlined above, additiona} CDRs may be either from other
species or may be different hurman CDRs than those depicted in the exemplary sequences. For
example, HCDR3 and LCDR3 regions from the appropriate sequences identified herein may be
used with HCDR1, HCDRZ, LCDR1, and LCDR2 being optionally selected from alternate
species or different human antibody sequences, or combinations thereof. For example, the CDRs
of the invention can replace the CDR regions of commercially relevant chimeric or humanized
antibodies.

[06186] Specific embodiments utilize scaffold components of the antigen binding proteins
that are human components. In some embodiments, however, the scaffold components can be a
mixture from different species. As such, if the antigen binding protein is an antibody, such
antibody may be a chimeric antibody and/or humanized antibody. In gencral, both “chimeric
antibodies™ and humanized antibodies” refer to antibodies that combine regions from more than
one species. For example, “chimeric antibodies™ traditionally comprise variable region(s) from a
mouse {or rat, in some cases) and the constant region(s) from a human.

[6G187] “Humanized antibodies” generally refer to non-human antibodies that have had

the variable domain framework regions swapped for sequences found in human antibodies.
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Generally, in a humanized antibody, the entire antibody, except one or more CDRs, 18 encoded
by a polynucleotide of human origin or is identical to such an antibody except within one or more
CDRs. The CDRs, some or all of which are encoded by nucleic acids originating in a non-human
organism, are grafted into the beta-sheet framework of a human antibody variable region to
create an antibody, the specificity of which is determined by the engrafted CDRs. The creation
of such anttbodics is deseribed in, e.g., WO 92/11018, Joncs 1986, Nature 321:522-525,
Verhoeyen ef al., 1988, Science 239:1534-1536. Humanized antibodies can also be generated
using mice with a genetically engineered immune system. Roque et al., 2004, Biotechnol. Prog.
20:639-654. In the exemplary cmbodiments described hercin, the identified CDRs arc human,
and thus both humanized and chimeric antibodies in this context include some non-human CDRs;
for example, humanized antibodies may be generated that comprise the HCDR3 and LCDR3
regions, with one or more of the other CDR regions being of a different species origin.

[06188] In one embodiment, the ST2 antigen binding protein is a multispecific antibody,’
and notably a bispecfic antibody, also sometimes referred to as “diabodies.” These are antibodies
that bind to two or more different antigens or different epitopes on a single antigen. In certain
embodiments, a bispecific antibody binds ST2 and an antigen on a human effector cell (e.g., T
cell). Such antibodies are useful in targeting an effector cell response against a ST2 expressing
cells, such as an ST2-expressing tumor cell. In preferred embodiments, the human effector cell
antigen is CD3. U.S. Pat. No. 7,235,641, Methods of making bispecific antibodies are known in
the art. One such method involves engineering the Fe portion of the heavy chains such as to
create “knobs™ and “holes” which facilitate heterodimer formation of the heavy chains when co-
expressed in a cell. U.S. 7,695,963, Another method also involves engineering the Fe portion of
the heavy chain but uses electrostatic steering to encourage heterodimer formation while
discousraging homodimer formation of the heavy chains when co-expressed in a cell. WO
09/089,004, which is incorporated herein by reference in its entirety.

[66189] In one embodiment, the $T2 antigen binding protein is a minibody. Minibodies
are mipimized antibody-like proteins compriéing a scFv joined to a CH3 domain. Hu ef al,,
1996, Cancer Res. 56:3055-3061.

[00196] In one embodiment, the ST2 antigen binding protein is a domain antibody; see, for
example U.S. Patent No. 6,248,516, Domain antibodies (dAbs) are functional binding domains
of antibodies, corresponding to the variable regions of either the heavy (VH) or light (VL) chains
of human antibodics. dABs have a molecular weight of approximately 13 kDa, or 1css than one-
tenth the size of a full antibody. dABs are well expressed in a variety of hosts including

bacterial, yeast, and mammalian cell systems. In addition, dAbs are highly stable and retain
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activity even after being subjected to hargh conditions, such as freeze-drying or heat
denaturation. See, for example, US Patent 6,291,158; 6,582,915; 6,593,081; 6,172,197, US
Serial No. 2004/0110941; European Patent 0368684; US Patent 6,696,245, W004/058821,
WQ004/003019 and WO03/002609.

[66191] In one embodiment, the ST2 antigen binding protein is an antibody fragment, that
is a fragment of any of the antibodics outlined herein that retain binding specificity to ST2. In
various ernbodiments, the antibody binding proteins comprise, but are not limited to, a F(ab),
F(ab", F(ab")2, Fv, or a single chain Fv fragments. At a minimurn, an antibody, as meant herein,
comprises a polypeptide that can bind specifically to ST2 comprising all or part of a light or
heavy chain variable region, such as one or more CDRs,

[66152] Further examples of ST2-binding antibody fragments include, but are not limited
to, (1) the Fab fragment consisting of VL, VH, CL and CHI domains, (ii) the Fd fragment
consisting of the VH and CH1 domains, (iii) the Fv fragment consisting of the VL and VH
domains of a single antibody; (iv) the dAb fragment (Ward er al., 1989, Nature 341:544-546)
which consists of & single variable, (v) isolated CDR regions, (vi) F(ab'), fragments, a bivalent
fragment comprising two linked Fab fragments (vii} single chain Fv molecules (scFv), wherein a
VH domain and a VL domain are linked by a peptide linker which allows the two domains to
associate to form an antigen binding site (Bird ef al., 1988, Science 242:423-426, Huston er al.,
1988, Proc. Natl. Acad. Sci. U.S.A. 85:5879-5883), (viii) bispecific single chain Fv dimers
(PCT/US92/09965) and (ix) "diabodies" or “triabodies”, multivalent or multispecific fragments
constructed by gene fusion (Temlinson er. al., 2000, Methods Enzymol. 326:461-479;
WQO94/13804; Holliger et al., 1993, Proc. Natl. Acad. Sci. U.S.4. 90:6444-6448). The antibody
fragments may be modified. For example, the molecules may be stabilized by the incorporation
of disulphide bridges linking the VH and VL domains (Reiter er al., 1996, Nature Biotech.
14:1239-1245). Aspects of the invention include embodiments wherein the non-CDR
components of these fragments are human sequences.

[60193] In one embodiment, the ST2 antigen binding protein is a fully human antibody. In
this embodiment, as outlined above, specific structures comprise complete heavy and light chains
depicted comprising the CDR regions. Additional embodiments utilize one or more of the CDRs
of the invention, with the other CDRs, framework regions, J and D regions, constant regions, etc.,
coming from other human antibodies. For example, the CDRs of the invention can replace the
CDRs of any number of human antibodies, particularty commercially relevant antibodics
160194] Single chain antibodies may be formed by linking heavy and light chain variable

domain (Fv region) fragments via an amino acid bridge (short peptide linker), resulting in &
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single polypeptide chain, Such single-chain Fvs (scFvs) have been prepared by fusing DNA
encoding a peptide linker between DNAs encoding the two variable domain polypeptides (Ve
and Vy). The resulting polypeptides can fold back on themselves to form antigen-binding
monomers, or they can form multimers (e.g., dimers, trirers, or tetramers), depending on the
length of a flexible linker between the two variable domains (Kortt ef 2l., 1997, Prot. Eng.
10:423; Kortt er al., 2001, Biomol. Eng. 18:95-108). By combining different Vi and Vy-
comprising polypeptides, one can form multimeric scFvs that bind to different epitopes
(Kriangkum er al., 2001, Biomol. Eng. 18:31-40). Technigues developed for the production of
single chain antibodies include those described in U.S. Patent No. 4,946,778; Bird, 1988, Science
242:423; Huston et «l., 1988, Proc. Natl. Acad. Sci. USA 85:5879; Ward et a/,, 1989, Nature
334:544, de Graaf et al., 2002, Methods Mol Biol. 178:379-87. Single chain antibodies derived
from antibodies provided herein (including but not limited to scFvs comprising the variable
domain combinations of Abl LCv/Ab]l HCv (SEQ ID NO:95/SEQ ID NO:29), Ab2 LCv/Ab2
HCyv (SEQ ID NO:96/SEQ 1D NO:30), Ab3 LCv/Ab3 HCv (SEQ ID NO:97/SEQ ID NGO:31),
Ab4 LCv/Ab4 HCv (SEQ ID NO:98/SEQ 1D NO:32), AbS LCv/AbS HCv (SEQ ID NO:99/SEQ
1D NO:33), Ab6 LCv/AbS HCv (SEQ ID NO:100/SEQ 1D NO:34), Ab7 LCvw/AbT HCv (SEQ ID
NO:101/SEQ ID NO:35), Ab8 LCv/AbE HCv (SEQ ID NO:102/SEQ ID NO:36), Ab9 LCv/AbY
HCv (SEQ ID NO:103/SEQ ID NO:37), Ab10 LCv/Ab10 HCv (SEQ ID NO:104/SEQ ID
NO:38), and Abl] LCv/Ab1T HCv (SEQ ID NO:105/SEQ ID NO:39), Ab30 LCv/Ab30 HCv
(SEQ ID NO:163/SEQ ID NO:145), Ab32 LCv/Ab32 HCv (SEQ ID NO:164/SEQ ID NO:146),
Ab33 LCwWAD33 HCv (SEQ ID NO:165/SEQ ID NO:147),and combinations thereof are
encompassed by the present invention,

[06195] In one embodiment, the ST2 antigen binding protein is an antibody fusion protein
{sometimes referred to herein as an “antibody conjugate™). The conjugate partner can be
proteinaceous or non-proteinaceous; the latter generally being generated using functional groups
on the antigen binding protein and on the conjugate partner. In certain embodiments, the
antibody is conjugated fo 2 non-proteinaceous chemical (drug) to form an antibody drug
conjugate.

[60196] In one embodiment, the ST2 antigen binding protein is an antibody analog,
sometimes referred to as “synthetic antibodies.” For example, a variety of work utilizes either
alternative protein scaffolds or artificial scaffolds with grafted CDRs. Such scaffolds include,
but arc not limited to, mutations introduced to stabilize the three-dimensional structure of the
binding protein as well as wholly synthetic scaffolds consisting for example of biocompatible

polymers. See, for example, Korndorfer er al., 2003, Proteins: Structure, Function, and
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Bioinformatics, Volume 53, Issue 1:121-129. Roque ef al., 2004, Biotechnol. Prog. 20:639-654.
In addition, peptide antibody mimetics (“PAMSs”) can be used, as well as work based on antibody
mimetics utilizing fibronection components as a scaffold.

[06197] By “protein,” as used herein, is meant at least two covalently attached amine
acids, which includes proteins, polypeptides, oligopeptides and peptides. In some embodiments,
the two or more covalently attached amino acids are attached by a peptide bond. The protein
may be made up of naturally occurring amino acids and peptide bonds, for example when the
protein is made recombinantly using expression systems and host cells, as outlined below.
Alternatively, the protein may include synthetic amino acids (e.g., homophenylalanine, citrulline,
ornithine, and norleucine), or peptidomimetic structures, i.e., “peptide or protein analogs”, such
as peptoids (see, Simon ef al., 1992, Proc. Natl. Acad. Sci. U.S.A. §9:9367, incorporated by
reference herein), which can be resistant fo proteases or other physiological and/or storage
conditions. Such synthetic amino acids may be incorporated in particular when the antigen
binding protein is synthesized in vitro by conventional methods well known in the art. In
addition, any combination of peptidomimetic, synthetic and naturally occurring
residues/structures can be used. "Amino acid" also includes imino acid residues such as proline
and hydroxyproline. The amino acid “R group” or “side chain” may be in either the (L)- or the
(8)-configuration. In a specific embodiment, the amino acids are in the (L)- or (S)-configuration.
[066198] In certain aspects, the invention provides recombinant antigen binding proteins
that bind ST2 and, in some embodiments, a recombinant human ST2 or portion thereof. In this
context, a “recombinant protein” is a protein made using recombinant techniques using any
techniques and methods known in the art, i.e., through the expression of a recombinant nucleic
acid as described herein. Methods and techniques for the production of recombinant proteins are
well known in the art, Embodiments of the invention include recombinant antigen binding
proteins that bind wild-type ST2 and variants thercof.

[66199] “Consisting essentially of” means that the amino acid sequence can vary by about
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15% relative to the recited SEQ ID NO: sequence
and still retain biological activity, as described herein.

[66260] In some embodiments, the antigen binding proteins of the invention are isolated
proteins or substantially pure proteins. An “isolated” protein is unaccompanied by at least some
of the material with which it is normally associated in its natural state, for example constituting at
lcast about 5%, or at least about 50% by weight of the total protein in a given sample. It is
understood that the isplated protein may constitute from 5 to 99.9% by weight of the total protein

content depending on the circumstances. For example, the protein may be made at a significantly
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higher concentration through the use of an inducible promoter or high expression promoter, such
that the protein is made at increased concentration levels. The definition includes the production
of an antigen binding protein in a wide variety of organisms and/or host cells that are known in
the art.

[66201] For amino acid sequences, sequence identity and/or similarity is determined by
using standard techniques known in the art, including, but not limited to, the local sequence
identity algorithm of Smith and Waterman, 1981, 4dy. Appl. Math. 2:482, the sequence identity
alignment algorithim of Needleman and Wumsch, 1970, J. Mol. Biol. 48:443, the search for
similarity method of Pearson and Lipman, 1988, Proc. Nat. Acad. Sci. U.S.4. 85:2444,
computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in
the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Drive,
Madison, Wis.), the Best Fit sequence program described by Devereux ef al., 1984, Nucl. Acid
Res. 12:387-395, preferably using the default settings, or by inspection. Preferably, percent
identity is calculated by FastDB based upon the following parameters: mismatch penalty of 1;
gap penalty of 1, gap size penalty of 0.33; and jomning penalty of 30, "Cwrrent Methods in
Sequence Comparison and Analysis," Macromolecule Sequencing and Synthesis, Selected
Methods and Applications, pp 127-149 (1988), Atan R. Liss, Inc.

[66262] An example of a useful algorithm is PILEUP. PILEUP creates a multiple
sequence alignment from a group of related sequences using progressive, pairwise alignments. It
can also plot a tree showing the clustering relationships used to create the alignment. PILEUP
uses a simplification of the progressive alignment method of Feng & Doolittle, 1987, .J. Mol.
Evol. 35:351-360; the method is similar to that described by Higgins and Sharp, 1989, CABIOS
5:151-153. Useful PILEUP parameters including a default gap weight of 3.00, a default gap
length weight of 0.10, and weighted end gaps.

[06203] Another example of a useful algorithm is the BLAST algorithm, described in:
Altschul ef al., 1999, J. Mol. Biol. 215:403-410; Altschul er al., 1997, Nucleic Acids Res.
25:3389-3402; and Karin ef al., 1993, Proc. Natl. Acad. Sci. U.S.A. 90:5873-5787. A particularly
useful BLAST program is the WU-BLAST-2 program which was obtained from Altschul er al.,
1996, Methods in Enzymology 266:460-480. WU-BLAST.2 uses several search parameters,
most of which are set to the default values. The adjustable parameters are set with the following
values: overlap span=1, overlap fraction=0.123, word threshold (T)=II. The HSP S and HSP 52
parameters are dynamic values and are established by the program itself depending upon the

composition of the particular sequence and composition of the particular database against which
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the sequence of interest is being searched; however, the values may be adjusted to increase
sensitivity,

[00204] An additional useful algorithm is gapped BLAST as reported by Altschul et al.,
1993, Nucl. Acids Res. 25:3389-3402. Gapped BLAST uses BLOSUM-62 substitution scores;
threshold T parameter set to 9; the two-hit method to trigger ungapped extensions, charges gap
lengths of k a cost of 10+k; X, setto 16, and X, sct to 40 for database search stage and to 67 for
the output stage of the algorithms. Gapped alignments are trigpered by a score corresponding to
about 22 bits.

[66205] Generally, the amino acid homology, similarity, or identity betwceen individual
variant CDRs are at least 80% to the sequences depicted herein, and more typically with
preferably increasing homologics or identifies of at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, and almost 100%. In a similar manner, "percent (%) nucleic acid
sequence identity" with respect to the nucleic acid sequence of the binding proteins identified
herein is defined as the percentage of nucleotide residues in a candidate sequence that are
identical with the nucleotide residues in the coding sequence of the antigen binding protein, A
specific method utilizes the BLASTN module of WU-BLAST-2 set to the default parameters,
with overlap span and overlap fraction set to 1 and 0.125, respectively.

[08266] Generally, the nucleic acid sequence homology, similarity, or identity between the
nuclestide sequences encoding individual variant CDRs and the nucleotide sequences depicted
herein are at least 80%, and more typically with preferably increasing homologies or identities of
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99%, and almost 100%.

[60207) Thus, a “variant CDR” is one with the specified homology, sinnlarity, or identity
to the parent CDR of the invention, and shares biological function, including, but not limited to,
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 938%, or 99% of the specificity and/or activity of the parent CDR.

j00208] While the site or region for introducing an amino acid sequence variation is
predetermined, the mutation per se need not be predetermined. For example, in order to optimize
the performance of a mutation at & given site, random mutagenesis may be conducted at the
target codon or region and the expressed antigen binding protein CDR variants screened for the
optimal combination of desired activity, Techniques for making substitution mutations at
predetermined sites in DNA having a known sequence arc well known, for example, M13 primer
mutagenesis and PCR mutagenesis. Screening of the mutants is done using assays of antigen

binding protein activities, such as ST2 binding.

- 46 -



WO 2813/173761 PCT/US2013/041656

[00209] Amino acid substitutions are typically of single residues; insertions usually will be
on the order of from about one (1) to about twenty {20) amino acid residues, although
considerably larger insertions may be tolerated. Deletions range from about one (1) to about
twenty (20) amino acid residues, although in some cases deletions may be much larger.

[606210] Substitutions, deletions, insertions or any combination thereof may be used to
arrive at a final derivative or variant. Generally these changes are done on a few amino acids to
minimize the alteration of the molecule, particularly the immunogenicity and specificity of the
antigen binding protein. However, larger changes may be tolerated in certain circumstances.
Conservative substitutions are generally made in accordance with the following chart depicted as

TABLE 3.

Table 3
Original Residue Exemplary Substitutions
Ala Ser
Arg Lys
Asn Gln, His
Asp Ghu
Cys Ser
Gln Asn
Glu Asp
Gly Pro
His Asn, Gln
Ile Leu, Val
Leu ile, Val
Lys Arg, Gln, Glu
Met Leu, Ile
Phe Met, Leu, Tyr
Ser Thr
Thr Ser
Trp Tyr
Tyr Trp, Phe
Val Ile, Leu
[G6211] Substantial changes in function or immunological identity are made by selecting

substitutions that are less conservative than those shown in TABLE 3. For example, substitutions
may be made which more significantly affect: the structure of the polypeptide backbone in the
area of the alteration, for example the alpha-helical or beta-sheet structure; the charge or
hydrophobicity of the molecule at the target site; or the bulk of the side chain. The substitutions
which in general are expected to produce the greatest changes in the polypeptide’s properties are
those in which (a) a hydrophilic residue, e.g., seryl or threonyl, is substituted for (or by) a

hydrophobic residue, e.g., leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a cysteine or
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proline is substituted for (or by) any other residue; (¢) a residue having an electropositive side
chain, e.g., lysyl, arginyl, or histidyl, is substituted for (or by) an electronegative residue, e.g.,
glutamyl or aspartyl; or (d) a residue having a bulky side chain, e.g., phenylalanine, is substituted
for (or by) one not having a side chain, e.g., glycine.

[66212] The variants typically exhibit the same qualitative biological activity and wiil
clicit the same immune response as the naturally-occurring analogue, although variants also are
selected to modify the characteristics of the antigen binding protein proteins as needed.
Alternatively, the variant may be designed such that the biological activity of the antigen binding
protein is altered. For example, glycosylation sites may be altered or removed as discussed
herein.

[66213] Other derivatives of ST2 antibodies within the scope of this invention include
covalent or aggregative conjugates of ST2 antibodies, or fragments thereof, with other proteins or
polypeptides, such as by expression of recombinant fusion proteins comprising heterologous
polypeptides fused to the N-terminus or C-terminus of a ST2 antibody polypeptide. For example,
the conjugated peptide may be a heterologous signal (or leader) polypeptide, ¢.g., the yeast alpha-
factor leader, or a peptide such as an epitope tag, ST2 antibody-containing fusion proteins can
comprise peptides added to facilitate purification or identification of the ST2 antibody (e.g., poly-
His). A ST2 antibody polypeptide also can be linked to the FLAG peptide as described in Hopp
et al., Bio/Technology 6:1204, 1988, and U.S. Patent 5,011,912, The FLAG peptide is highly
antigenic and provides an epitope reversibly bound by a specific monoclonal antibody (mAb),
enabling rapid assay and facile purification of expressed recombinant protein. Reagents useful
for preparing fusion proteins in which the FLAG peptide is fused to a given polypeptide are
commercially available (Sigma, St. Louis, MO).

160214} In one embodiment, an oligomer is prepared using polypeptides derived from
immunoglobulins., Preparation of fusion proteins comprising certain heterologous polypeptides
fused to various portions of antibody-derived polypeptides (including the Fe domain) bas been
described, e.g., by Ashkenazi er al., 199 1, PNAS USA 88:10535; Byrn ez al., 1990, Nature
344:677; and Hollenbaugh ef a/., 1992 "Construction of Immunoglobulin Fusion Proteins", in
Current Protocols in Immunoclogy, Suppl. 4, pages 10.19.1 - 10.19.11.

[68215] One embodiment of the present invention is directed {o a dimer comprising two
fusion proteins created by fusing a ST2 binding fragment of & ST2 antibody to the Fe region of
an antibody. The dimer can be made by, for cxample, inserting a gene fusion encoding the fusion
protein into an appropriate expression vector, expressing the gene fusion in host cells

transformed with the recombinant expression vector, and allowing the expressed fusion protein to
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assemble much like antibody molecules, whereupon interchain disulfide bonds form between the
Fc moieties to yield the dimer.

[66216] The term "Fc polypeptide" as used herein includes native and mutein forms of
polypeptides derived from the Fo region of an antibody. Truncated forms of such polypeptides
containing the hinge region that promotes dimerization also are included. Fusion proteins
comprising Fc moicties (and oligomers formed therefrom) offer the advantage of facile
purification by affinity chromatography over Protein A or Protein G columns.

[66217] One suitable Fe polypeptide, described in PCT application WO 93/10151 (hereby
incorporated by reference), is a single chain polypeptide extending from the N-terminal hinge
region to the native C-terminus of the Fe region of a human IgG antibody. Another useful Fo
polypeptide is the Fc mutein described in U.S. Patent 5,457,035 and in Baum ef a/., 1994, EMBO
J. 13:3992-4001. The amino acid sequence of this mutein is identical to that of the native Fc
sequence presented in WO 93/10151, except that amino acid 19 has been changed from Leu to
Ala, amino acid 20 has been changed from Leu to Glu, and amino acid 22 has been changed from
Gly to Ala. The mutein exhibits reduced affinity for Fc receptors.

[06218] In other embodiments, the variable portion of the heavy and/or light chains of a
ST2 antibody may be substituted for the variable portion of an antibody heavy and/or light chain.
[06219] Another method for preparing oligomeric ST2 antibody derivatives involves use
of a leucine zipper, Leucine zipper domains are peptides that promote oligomerization of the
proteins in which they are found. Leucine zippers were originally identified in several DNA-~
binding proteins (Landschulz et al., 1988, Science 240:1759), and have since been found in 2
variety of different proteins. Among the known leucine zippers are naturally occurring peptides
and derivatives thereof that dimerize or trimerize. Examples of leucine zipper domains suitable
for producing soluble oligomeric proteins are described in PCT application WO 94/10308, and
the leucine zipper derived from lung surfactant protein D (SPD) described in Hoppe ef al., 1994,
FEBS Letters 344:191, hereby incorporated by reference. The use of a modified leucine zipper
that allows for stable trimerization of a heterologous protein fused thereto is described in
Fanslow et al., 1994, Semin. Immunol. 6:267-78. In one approach, recombinant fusion proteing
comprising ST2 antibody fragment or derivative fused to a levcine zipper peptide arc expressed
in suitable host cells, and the soluble oligomeric ST2 antibody fragments or derivatives that form
are recovered from the culture supernatant,

[66220] Covalent modifications of antigen binding proteins are included within the scope
of this invention, and are generally, but not always, done post-translationally, For example,

several types of covalent modifications of the antigen binding protein are introduced into the
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molecule by reacting specific amino acid residues of the antigen binding protein with an organic
derivatizing agent that is capable of reacting with selected side chains or the N- or C-terminal
residues.

[06221] Cysteinyl residues most commonly are reacted with o-haloacetates (and
corresponding amines), such as chloroacetic acid or chloroacetamide, to give carboxymethyl or
carboxyamidomethyl derivatives. Cysteinyl residues also are derivatized by reaction with
bromotrifluoroacetone, o~bromo-p-(5-imidozoyDpropionic acid, chloroacetyl phosphate, N-
alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridy! disulfide, p-
chloromercuribenzoate, 2-chloromercuri-4-nitrophenol, or chloro-7-nitrobenzo-2-0xa-~1,3-
diazole.

[606222] Histidyl residues are derivatized by reaction with diethylpyrocarbonate at pH 5.5~
7.0 because this agent is relatively specific for the histidyl side chain. Para-bromophenacyl
bromide also is useful; the reaction is preferably performed in 0.1M sodiurm cacodylate at pH 6.0.
{60223] Lysinyl and amino terminal residues are reacted with succinic or other carboxylic
acid anhydrides. Derivatization with these agents has the effect of reversing the charge of the
tysinyl residues. Other suitable reagents for derivatizing alpha-amino-containing residues
include imidoesters such as methy! picolinimidate; pyridoxal phosphate; pyridoxal;
chloroborohydride; srinitrobenzenesulfonic acid;, O-methylisourea; 2,4-pentanedione; and
transaminase-catatyzed reaction with glyoxylate.

[060224] Arginyl residues are modified by reaction with one or several conventional
reagents; among them phenylgtyoxal, 2,3-butanedione, 1,2-cyclohexanedione, and ninhydrin.
Derivatization of arginine residues requires that the reaction be performed in alkaline conditions
because of the high pK, of the guanidine functional group. Furthermore, these reagents may
react with the groups of lysine as well as the arginine epsilon-amino group.

[60225] The specific modification of tyrosyl residues may be made, with particular interest
in introducing spectral labels into tyrosyl residues by reaction with aromatic diazonium
compounds or fetranitromethane. Most commonly, N-acetylimidizole and tetranitromethane are
used to form O-acetyl tyrosyl species and 3-nitro derivatives, respectively. Tyrosyl residues are
iodinated using "I ar '] to prepare labeled proteins for use in radioimmunoassay, the
chloramine T method described above being suitable.

(606226} Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction
with carbodiimides (R—N=C=N--R"), where R and R' arc optionally different alkyl groups, such
as I-cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or 1-ethyl-3-(4-azonia-4,4-
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dimethylpentyl) carbodiimide. Furthermore, aspartyl and glutamy! residues are converted to
agparaginyl and glutaminyl residues by reaction with ammonium ions.

[66227] Derivatization with bifunctional agents is useful for crosslinking antigen binding
proteins to a water-insoluble support matrix or surface for use in a variety of methods.
Commonly used crosslinking agents include, e.g., 1,1-bis(diazoacetyl)-2-phenylethane,
glutaraldehyde, N-hydroxysuccinimide esters, for example, esters with 4-azidosalicylic acid,
homobifunctional imidoesters, including disuccimmidyl esters such as 3,3'-
dithiobis(succinimidylpropionate), and bifunctional maleimides such ag bis-N-maleimide-1,8-
octane. Derivatizing agents such as methyl-3-[(p-azidophenyl)dithiolpropioimidate yield
photoactivatable intermediates that are capable of forming crosslinks in the presence of light.
Alternatively, reactive water-insoluble matrices such as cyanogen bromide-activated
carbohydrates and the reactive substrates described in U.S. Pat. Nos. 3,969,287, 3,691,016,
4,195,128; 4,247,642, 4,229,537, and 4,330,440 are employed for protein immobilization,
[06228] Glutaminyl and asparaginyl residues are frequently deamidated to the
corresponding glutamyl and asparty! residues, respectively. Alternatively, these residues are
deamidated under mildly acidic conditions. Either form of these residues falls within the scope
of this invention.

[60229] Other modifications include hydroxylation of proline and lysine, phosphorylation
of hydroxy! groups of seryl or threonyl residues, methylation of the o-amine groups of lysine,
arginine, and histidine side chains (T. E. Creighton, Proteins: Structure and Molecular Properties,
W. H. Freeman & Co., San Francisco, 1983, pp. 79-86), acetylation of the N-terminal amine, and
amidation of any C-terminal carboxyl group.

[60230] Another type of covalent modification of the antigen binding protein included
within the scope of this invention comprises altering the glycosylation pattern of the protein. As
is known 1n the art, glycosylation patterns can depend on both the sequence of the protein (e.g.,
the presence or absence of particular glycosylation amino acid residues, discussed below), or the
host cell or organism in which the protein is produced. Particular expression systems are
discussed below.

166231} Glycosylation of polypeptides is typically either N-linked or O-linked. N-linked
refers to the attachment of the carbohydrate moiety to the side chain of an asparagine residue,
The tri-peptide sequences asparagine-X-serine and asparagine-X-threonine, where X is any
amino acid except proline, are the recognition sequences for enzymatic attachment of the
carbohydrate moiety to the asparagine side chain. Thus, the presence of either of these tri-

peptide sequences in a polypeptide creates a potential glycosylation site. O-linked glycosylation
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refers to the attachment of one of the sugars N-acetylgalactosamine, galactose, or xylose, to &
hydroxyamino acid, most commonly serine or threonine, although 3-hydroxyproline or 5-
hydroxylysine may also be used.

[68232] Addition of glycosylation sites to the antigen binding protein is conveniently
accomplished by altering the amino acid sequence such that it containg one or more of the above-
described tri-peptide sequences (for N-linked glycosylation sites). The alteration may also be
made by the addition of, or substitution by, one or more serine or threonine residues to the
starting sequence (for O-linked glycosylation sites). For ease, the antigen binding protein amino
acid sequence is preferably altered through changes at the DNA level, particularly by mutating
the DNA encoding the target polypeptide at preselected bases such that codons are generated that
will translate into the desired amino acids.

[06233] Another means of increasing the number of carbohydrate moieties on the antigen
binding protein is by chemical or enzymatic coupling of glycosides to the protein. These
procedures are advantageous in that they do not require production of the protein in a host cell
that has glycosylation capabilities for N- and O-linked glycosylation. Depending on the coupling
mode used, the sugar(s) may be attached to (a) arginine and histidine, {(b) free carboxyl groups,
(c) free sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups such as those of
serine, threonine, or hydroxyproline, (¢) aromatic residues such as those of phenylalanine,
tyrosine, or tryptophan, or (f) the amide group of glutamine. These methods are described in WO
87/05330 published Sep. 11, 1987, and in Aplin and Wriston, 1981, CRC Crit. Rev. Biochem.,
pp. 259-306.

[00234] Removal of carbohydrate moieties present on the starting antigen binding protein
may be accomplished chemically or enzymatically, Chemical deglycosylation requires exposure
of the protein to the compound trifluoromethanesulfonic acid, or an equivalent compound. This
treatment results in the cleavage of most or all sugars except the linking sugar (N~
acetylglucosamine or N-acetylgalactosamine), while leaving the polypeptide intact. Chemical
deglycosylation is described by Hakimuddin ez al., 1987, Arch. Biochem. Biophys. 259:52 and by
Edge et al., 1981, Anal. Biochem. 118:131. Enzymatic cleavage of carbohydrate moieties on
polypeptides can be achieved by the use of a variety of endo- and exo-glycosidases as described
by Thotakura ef al., 1987, Meth, Enzymol. 138:350. Glycosylation at potential glycosylation
sites may be prevented by the use of the compound tunicamyein as described by Duskin et al,,
1982, J. Biol. Chem. 257:3105, Tunicamycin blocks the formation of protein-N-glycoside

linkages.
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[06235] Another type of covalent modification of the antigen binding protein comprises
linking the antigen binding protein to various nonproteinaceous polymers, including, but not
limited to, various polyols such as polyethylene glycol, polypropylene glycol or
polyoxyalkylenes, in the manner set forth in U.S. Pat. Nos. 4,640,835, 4,496,689, 4,301,144,
4,670,417, 4,791,192 or 4,179,337, In addition, as is known in the art, amino acid substitutions
may be made in various positions within the antigen binding protein to facilitate the addition of
polymers such as PEG.

[06236] In some embodiments, the covalent modification of the antigen binding proteins
of the invention comprises the addition of one or more labels.

[60237] The term "labeling group” means any detectable label. Examples of suitable
labeling groups include, but are not limited to, the following: radioisotopes or radionuclides (e.g.,
B, 1C, PN, P8, 7Y, T, Hn, 21, 1), fluorescent groups (e.g., FITC, rhodamine, lanthanide
phosphors), enzymatic groups (e.g., horseradish peroxidase, p-galactosidase, luciferase, alkaline
phosphatage), chemiluminescent groups, biotinyl groups, or predetermined polypeptide epitopes
recognized by a secondary reporter (e.g., leucine zipper pair sequences, binding sites for
secondary antibodies, metal binding domains, epitope tags). In some embodiments, the labeling
group is coupled to the antigen binding protein via spacer arms of various lengths to reduce
potential steric hindrance. Various methods for labeling proteins are known in the art and may
be used in performing the present invention.

106238] In general, labels fall into a variety of classes, depending on the assay in which
they are to be detected: a) isotopic labels, which may be radioactive or heavy isotopes; b)
magnetic labels (e.g., magnetic particles); ¢) redox active moieties; d) optical dyes; enzymatic
groups (e.g. horseradish peroxidase, f-galactosidase, luciferase, alkaline phosphatase); )
biotinylated groups; and f) predetermined polypeptide epitopes recognized by a secondary
reporter {e.g., leucine zipper pair sequences, binding sites for secondary antibodies, metal
binding domains, epitope tags, etc.). In some embodiments, the labeling group is coupled to the
antigen binding protein via spacer arms of various lengths to reduce potential steric hindrance.
Various methods for labeling proteins are known in the art and may be used in performing the
present invention.

166139} Specific labels include optical dyes, including, but not limited to, chromophores,
phosphors and fluorophores, with the latter being specific in many instances. Fluorophores can
be either “small molecule” fluores, or proteinaceous fluores.

[66246] By “fluorescent label” is meant any molecule that may be detected via its inherent

fluorescent properties. Suitable fluorescent labels include, but are not limited to, fluorescein,
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rhodamine, tetramethylrhodamine, eosin, erythrosin, coumnarin, methyl-coumarins, pyrene,
Malacite green, stilbene, Lucifer Yellow, Cascade Bluel, Texas Red, JAEDANS, EDANS,
BODIPY FL, LC Red 640, Cy 5, Cy 5.5, LC Red 705, Oregon green, the Alexa-Fluor dyes
(Alexa Fluor 350, Alexa Fluor 430, Alexa Fluor 488, Alexa Fluor 546, Alexa Fluor 568, Alexa
Fluor 594, Alexa Fluor 633, Alexa Fluor 660, Alexa Fluor 680), Cascade Blue, Cascade Yellow
and R-phycoerythrin (PE) (Molecular Probes, Eugene, OR), FITC, Rhodaminc, and Texas Red
(Pierce, Rockford, IL), Cy3, Cy5.5, Cy7 (Amersham Life Science, Pittsburgh, PA). Suitable
optical dyes, including fluorophores, are described in Molecular Probes Handbook by Richard P.
Haugland, hereby expressly incorporated by reference.

[06241] Suitable proteinaceous fluorescent labels also include, but are not limited to, green
fluorescent protein, including a Renilla, Ptilosarcus, or Aequorea species of GFP (Chalfie ez al.,
1994, Science 263:802-805), EGFP (Clontech Laboratories, Inc., Genbank Accession Number
U55762), blue fluorescent protein (BFP, Quantum Biotechnologies, Inc. 1801 de Maisonneuve
Rlvd. West, 8th Floor, Montreal, Guebec, Canada H3H 1J9; Stauber, 1998, Biotechniques
24:462-471; Heim et al., 1996, Curr. Biol. 6:178-182), enhanced yellow fluorescent protein
(EYFP, Clontech Laboratories, Inc.), luciferase (Ichiki e af., 1993, J. Immunol. 150:5408-5417),
B galactosidase (Nolan et al., 1988, Proc. Natl. Acad. Sci. U.S.4. 85:2603-2607) and Renilla
(W092/15673, W0O95/07463, WO98/14605, W098/26277, W(099/49019, U.S. Patent Nos.
5292658, 5418155, 5683888, 5741668, 5777079, 5804387, 5874304, 5876995, 5925558). All of
the above-cited references are expressly incorporated herein by reference.

1006242] The exemplary antigen binding proteins described herein have properties based on
the distinct epitope on ST2 bound by the antigen binding protein. The term “epitope” means the
amino acids of a target molecule that are contacted by an antigen binding protein, e.g., an
antibody, when the antigen binding protein is bound to the target molecule. An epitope can be
contiguous or non-contiguous (e.g., {i) in a single-chain polypeptide, amino acid residues that are
not contiguous 1o one another in the polypeptide sequence but that within the context of the target
molecule are bound by the antigen binding protein, or (il) in a multimeric receptor comprising
two or more individual components, e.g., ST2 and AcP, amino acid residues are present on one
or more of the individual components but are still bound by the antigen binding protein. Epitope
determinants can include chemically active surface groupings of molecules such as amino acids,
sugar side chains, phosphoryl or sulfonyl groups, and can have specific three dimensional
structural characteristics, and/or specific charge characteristics. Generally, antigen binding
proteins specific for a particular target molecule will preferentially recognize an epitope on the

target molecule in a complex mixture of proteins and/or macromolecules.
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[60243] Methods of characterizing the epitope bound by an antigen binding protein are
well known in the art, including, but not limited to, binning (cross-competition) (Miller ez o/
“Epitope binning of murine monoclonal antibodies by a multiplexed pairing assay” .J Immunol
Methods (2011) 365, 118-25), peptide mapping {e.g., PEPSPOTTM) (Albert et al “The B-cell

Enitope of the Monoclonal Anti-Factor VI Antibody BESHR Characterized by Peptide Array

Analysis” 2008 Thromb Haemost 99, 634-7), mutagenesis methods such as chimeras (Song et a/
“Epitope Mapping of Ibalizumab, a Humanized Anti-CD4 Monoclonal Antibody with Anti-HIV-
1 Activity in Infected Patients” J. Virol. (2010} 84, 6935-6942) , alanine scanning (Cunningham
and Wells “High~resolution epitope mapping of HGH-receptor interactions by alanine-scanning
mutagenesis” Science (1989) 244, 1081 1085} , arginine scanning (Lim er af “A diversity of
antibody epltopes can induce signaling through the erythropoietin receptor” Biochemistry (2010)
49, 3797-3804), HD exchange methods (Coates ef ! “Epitope mapping by amide
hydrogen/deuterium exchange coupled with immobilization of antibody, on-line proteolysis,
Hiquid chromatography and mass spectrometry” Rapid Commun. Mass Spectrom. (2009) 23 635
647), NMR cross saturation methods (Morgan er ol “Precise epitope mapping of malaria parasite
inhibitory antibodies by TRCSY NMR cross-saturation” Biochemistry (2005) 44, 518-23), and
crystallography (Gerhardt ef a/ *“Structure of IL-17A in complex with a potent, fully human
neutralizing antibody” J. Mol. Biol (2009) 394, 905-21). The methods vary in the level of detail
they provide as to the amino acids comprising the epitope.

{66244 Antigen binding proteins of the present invention include those that have an
overlapping epitope with an exemplary antigen binding protein described herein, e.g., Abl, Ab2,
Ab3, Ab4, Ab5, Abb, Ab7, AbS, Ab9, Ab10, Abll, Ab30, Ab32, or Ab33. In certain
embodiments, the antigen binding protein bas an identical epitope as to the exemplary antigen
binding proteins. In other embodiments, the antigen binding protein binds only a subset of the
same amino acids as the exemplary antigen binding protein.

[06245] In certain embodiments, the ST2 antigen binding protein has an identical or
overlapping epitope as Abl, Ab2, Ab3, Ab4, AbS, Ab6, Ab7, AbS, Ab9, Ab10, Abll, Ab30,
Ab32, or Ab33 and comprises a) a light chain variable domain having at least 90% identity, at
least 95% identity, or is identical to the amino acid scquence set forth in SEQ ID NO:95, SEQ ID
NO:96, SEQ ID NO:97, SEQ ID NO:98, SEQ ID NO:99, SEQ ID NO:100, SEQ ID NO:101,
SEQ ID NO:102, SEQ ID NO:103, SEQ ID NO:104, SEQ ID NO:105, SEQ 1D NO:163, SEQ ID
NO:164, or SEQ ID NO:165; b) a heavy chain variable domain having at least 90% identity, at
least 95% identity, or is identical fo the amino acid sequence set forth in SEQ 1D NO:29, SEQ ID
NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NG:33, SEQ ID NO:34, SEQ ID NO:35, SEQ
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ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ 1D NO:145, SEQ ID NO:146,
or SEQ ID NO:147; or ¢) the light chain variable domain of a) and the heavy chain variable
domain of b).

[00246] In certain embodiments, the ST2 antigen binding protein has an identical or
overlapping epitope as Abl, Ab2, Ab3, Ab4, AbS5, Ab6, Ab7, Ab&, Ab9, Ab10, Ab11,Ab30,
Ab32, or Ab33, and coraprises a light chain variable domain having at lcast 90%, at least 95%, or
is identical to the amino acid sequence set forth in SEQ ID NO:95 and a heavy chain variable
domain having at least 90%, at least 95%, or is identical to the amino acid sequence set forth in
SEQ ID NO:29; those comprising a light chain variable domain having at least 90%, at lcast
95%, or is identical to the amino acid sequence set forth in SEQ 1D NO:96 and a heavy chain
variable domain having at least 90%, at least 95%, or is identical to the amino acid sequence set
forth in SEQ ID NO:30; those comprising a light chain variable domain having at least 90%, at
least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:97 and a heavy
chain variabie domain having at least 90%, at least 95%, or is identical to the amino acid
sequence St forth in SEQ ID NO:31; those comprising a light chain variable domain having at
least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:98 and
a heavy chain variable domain having at least 90%, at least 95%, or is identical to the amino acid
sequence set forth in SEQ ID NO:32; those comprising a light chain variable domain having at
least 90%, at least 95%, or is identical to the amino acid sequence set forth in SBQ ID N(O:99 and
a heavy chain variable domain having at least 90%, at least 95%, or is identical to the amino acid
sequence set forth in SEQ ID NO:33; those comprising a light chain variable domain having at
least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ 1D NO: 100
and g heavy chain variable domain having at least 90%, at least 5%, or is identical to the amino
acid sequence set forth in SEQ ID NO:34; those comprising a light chain variable domain having
at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:101
and a heavy chain variable domain having at least 90%, at least 95%, or is identical to the amino
acid sequence set forth in SEQ 1D NO:35; those comprising a light chain variable domain having
at least 90%, at least 95%, or is identical fo the amino acid sequence set forth in SEQ ID NO:102
and a heavy chain variable domain having at least 90%, at least 95%, or is identical to the amino
acid sequence set forth in SEQ ID NO:36; those comprising a light chain variable domain having
at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:103
and a heavy chain variable domain having at least 90%, at least 95%, or is identical to the amino
acid sequence set forth in SEQ 1D NO:37, those comprising a light chain variable domain having

at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:104
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and a heavy chain variable domain having at least 90%, at least 95%, or is identical to the amino
acid sequence set forth in SEQ ID NO:38; those comprising a light chain variable domain having
at least 90%, at least 95%, or is identical to the amino acid sequence set forth in SEQ ID NO: 105
and a heavy chain variable domain having at least 90%, at least 95%, or is identical to the amino
acid sequence set forth in SEQ ID NO:39; those comprising a light chain variable domain having
at lcast 90%, at lcast 95%, or is identical to the amino acid sequence set forth in SEQ ID NO:163
and a heavy chain variable domain having at least 90%, at least 95%, or is identical to the amino
acid sequence set forth in SEQ ID NG:145; those comprising a light chain variable domain
having at least 90%, at lcast 95%, or is identical to the amino acid sequence set forth in SEQ ID
NO:164 and a heavy chain variable domain having at least 90%, at least 95%, or is identica] to
the amino acid sequence set forth in SEQ ID NO:146; and those comprising a light chain variable
domain having at least 90%, at least 95%, or is identical to the amino acid sequence set forth in
SEQ D NO:165 and a heavy chain variable domain having at least 90%, at least 95%, or is
identical to the amino acid sequence set forth in SEQ ID NO:147.

[66247] In certain embodiments, the ST2 antigen binding protein has an identical or
overlapping epitope as Abl, Ab2, Ab3, Ab4, AbS, Ab6, Ab7, AbS, Ab9, Ab10, Abl1, Ab30,
AD32, or Ab33 and comprises a) a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97, SEQ ID'N(Q:98, SEQ ID NO0:99, SEQ
D NO:100, SEQ ID NO:101, SEQ ID NO:102, SEQ ID NO:103, SEQ ID NO:104, SEQ ID
NO:1035, SEQ 1D NO:163, SEQ ID NO:164, or SEQ ID NO:165; b) a heavy chain variable
domain having no more than ten or no more than five amino acid additions, deletions or
substitutions from the amino acid sequence set forth in SEQ ID NO:29, SEQ ID NO:30, SEQ ID
NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NQ:35, SEQ ID NQ:36, SEQ
IDNO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:143, SEQ ID NO:146, or SEQ ID
NO:147; or ¢) the light chain variable domain of a) and the heavy chain variable domain of b),
[66248] In certain embodiments, the ST2 antigen binding protein has an identical or
overlapping epitope as Abl, Ab2, Ab3, Ab4, Ab3, Ab6, Ab7, Ab8, Ab9, Ab10, Ab11, Ab30,
Ab32, or Ab33 and comprises a light chain variable domain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:95 and a heavy chain variable domain having no more than ten or no more than
five amino acid additions, deletions or substitutions from the aminoe acid sequence set forth in
SEQ ID NO:29; those comprising a light chain variable domain having no more than ten or no

more than five amino acid additions, deletions or substitutions from the amino acid sequence set
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forth in SEQ ID NO:96 and a heavy éhain variable domain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:30; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:97 and a heavy chain variable domain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:31; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:98 and a heavy chain variable domain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:32; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:99 and a heavy chain variable domain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:33; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:100 and a heavy chain variable domain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:34; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:101 and a heavy chain variable domain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:35; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:102 and a heavy chain variable domain having no mote than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ 1D NO:36; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ 1D NO:103 and a heavy chain variable domain having no more than ten or no mote
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:37; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:104 and a heavy chain variable domain having no more than ten or no more

than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
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in SEQ ID NO:38; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:105 and & heavy chain variable domain having no mote than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:39; those comprising a light chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence st
forth in SEQ ID NO:163 and a heavy chain variable domain having no more than ten or no more
than five amino acid additions, deletions or substitutions from the amino acid sequence set forth
in SEQ ID NO:1435; those comprising a light chain variable domain having no more than ten or
no more than five amino acid additions, deletions or substitutions from the amino acid sequence
set forth in SEQ 1D NO:164 and a heavy chain variable domain having no more than ten or no
more than five amino acid additions, deletions or substitutions from the amino acid sequence set
forth in SEQ ID NO:146; and those comprising a light chain variable domain having no more
than ten or no more than five amino acid additions, deletions or substitutions from the amino acid
sequence set forth in SEQ ID NO:165 and a heavy chain variable domain having no more than
ten or no more than five amino acid additions, deletions or substitutions from the amino acid
sequence set forth in SEQ 1D NO:147,

[60249] In certain embodiments, the ST2 antigen binding protein has an identical or
averlapping epitope as Abl, Ab2, Ab3, Abd, AbS, Abb, Ab7, Ab8, AbY, Ab10, Abll, Ab30,
Ab32, or Ab33 and comprises a light chain variable domain comprising a) an LCDRI having no
more than three amino acid additions, deletions, or substitutions from the LCDR1 sequence set
forth in SEQ ID NO:106; an LCDR2 having no more than three amino acid additions, deletions,
or substitutions from the LCDR2 sequence set forth in SEQ ID NO:117, and an LCDR3 having
no more than three amino acid additions, deletions, or substitutions from the LCDR3 sequence
set forth in SEQ ID NO:128; b) an LCDR1 having no more than three amino acid additions,
deletions, or substitutions from the LCDR1 sequence set forth in SEQ 1D NO:107; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:118; and an 1.CDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ ID NO:129; ¢)
an LCDRI having no more than three amino acid additions, deletions, or substitutions from the
LCDR1 sequence set forth in SEQ ID NO:108; an LCDR2 having no more than three amino acid
additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ 1D NO:119; and
an LCDR3 having no more than three amino acid additions, deletions, or substitutions from the
LCDR3 sequence set forth in SEQ ID NO:130; d) an LCDR1 having no more than three amino

-59 .



WO 2013/173761 PCEAUR2013/041656

acid additions, deletions, or substitutions from the LCDRI sequence set forth in SEQ 1D NO:169;
an LCDR2 having no more than three amino acid additions, deletions, or substitutions from the
LCDR2 sequence set forth in SEQ TD NO:120; and an LCDR3 having no more than three amino
acid additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ ID NO:131;
¢) an LCDR1 having no more than three amino acid additions, deletions, or substitutions from
the LCDRI scquence set forth in SEQ ID NO:110; an LCDR2 having no more than three amino
acid additions, deletions, or substitutions from the LCDR2 sequernce set forth in SEQ ID NO:121;
and an LCDR3 having no more than three amino acid additions, deletions, or substitutions from
the LCDR3 sequence sct forth in SEQ ID NO:132; f) an LCDR1 having no more than three
amino acid additions, deletions, or substitutions from the LCDR1 sequence set forth in SEQ ID
NQO:111; an LCDR2 having no more than three amino acid additions, deletions, or substitutions
from the LCDR2 sequence set forth in SEQ ID NO:122; and an LCDR3 having no mote than
three amino acid additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ
D NO:133; g) an LCDRI1 having no more than three amino acid additions, deletions, ot
substitutions from the LCDR1 sequence set forth in SEQ ID NO:112; an LCDR2 having no more
than three amino acid additions, deletions, or substitutions from the LCDR2 sequence set forth in
SEQ ID NO:123; and an LCDR3 having no more than three amino acid additions, deletions, or
substitutions from the LCDR3 sequence set forth in SEQ ID NO:134; h) an LCDR1 having no
more than three amino acid additions, deletions, or substitutions from the LCDR1 sequence set
forth in SEQ ID NG:113; an LCDR2 having no more than three amino acid additions, deletions,
or substitutions from the LCDR2 sequence set forth in SEQ ID NO:124; and an LCDR3 having
no more than three amino acid additions, deletions, or substitutions from the LCDR3 sequence
set forth in SEQ 1D NO:135; 1) an LCDR] having no more than three amino acid additions,
deletions, or substitutions from the LCDR] sequence set forth in SEQ ID NO:114; an LCDR2
having no more than three amino acid additions, deletions, or substitutions from the LCDR2
sequence set forth in SEQ ID NO:125; and an LCDR3 having no more than three amino acid
additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:136; j)
an LCDR1 having no more than three amino acid additions, deletions, or substitutions from the
LCDRI sequence set forth in SEQ ID NO:115; an LCDR2 having no more than three amino acid
additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ ID NO:126; and
an LCDR3 having no more than three amino acid additions, deletions, or substitutions from the
LCDR3 sequence set forth in SEQ ID NO:137; k) an LCDR1 having no more than three amino
acid additions, deletions, or substitutions from the LCDR1 sequence set forth in SEQ ID NO:116;

3

an LCDR2 having no more than three amino acid additions, deletions, or substitutions from the
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LCDR2 sequence set forth in SEQ ID NO:127; and an LCDR3 having no more than three amino
acid additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ ID NO:138;
Iy an LCDRI having no more than three amino acid additions, deletions, or substitutions from the
LCDRI1 sequence set forth in SEQ ID NO:166; an LCDR2 having no more than three amino acid
additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ ID NO:169; and
an LCDR3 having no more than three amino acid additions, deletions, or substitutions from the
LCDR3 sequence set forth in SEQ ID NO:172; m) an LCDR having no more than threc amino
acid additions, deletions, or substitutions from the LCDR1 sequence set forth in SEQ ID NG: 167,
an LCDR2 having no more than three amino acid additions, deletions, or substitutions from the
LCDR2 sequence set forth in SEQ ID NO:170; and an LCDR3 having no more than three amino
acid additions, deletions, or substitutions from the LCDR3 sequence set forth in SEQ 1D NO:173;
orn) an LCDR1 having no more than three amino acid additions, deletions, or substitutions from
the LCDRI sequence set forth in SEQ ID NO:168; an LCDR2 having no more than three amino
acid additions, deletions, or substitutions from the LCDR2 sequence set forth in SEQ ID NO; 171,
and an LCDR3 having no more than three amino acid additions, deletions, or substitutions from
the LCDR3 sequence set forth in SEQ ID NO:174; and a heavy chain variable domain
comprising o) an HCDR1 having no more than three amino acid additions, deletions, or
substitutions from the HCDRI sequence set forth in SEQ ID NO:40; an HCDR2 having no more
than three amino acid additions, deletions, or substitutions from the HCDRZ sequence set forth in
SEQ ID NO:51; and an HCDR3 having no more than three amino acid additions, deletions, or
substitutions from the HCDR3 sequence set forth in SEQ 1D NO:62; p) an HCDR having no
more than three amino acid additions, deletions, or substitutions from the HCDR1 sequence set
forth in SEQ ID NQO:41; an HCDR2 having no more than three amino acid additions, deletions,
or substitutions from the HCDR2 sequence set forth in SEQ ID NO:52; and an HCDR3 having
no more than three amino acid additions, deletions, or substitutions from the HCDR3 sequence
set forth in SEQ ID NO:63; q) an HCDR1 having no more than three amino acid additions,
deletions, or substitutions from the HCDRI sequence set forth in SEQ ID NO:42; an HCDR2
having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence sct forth in SEQ ID NO:53; and an HCDR3 having no more than threc amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:64; 1) an
HCDRI1 having no more than three amino acid additions, deletions, or substitutions from the
HCDR1 sequence set forth in SEQ 1D NO:43; an HCDR2 having no more than three amino acid
additions, deletiong, or substitutions from the HCDR2 sequence set forth in SEQ ID NO:54; and

ann HCDR3 having no more than three amino acid additions, deletions, or substitutions from the
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HCDR3 sequence set forth in SEQ ID NG:65; s) an HCDR1 having no more than three amino
acid additions, deletions, or substitutions from the HCDR1 sequence set forth in SEQ 1D NO:44;
an HCDR2 having no more than three amino acid additions, deletions, or substitutions from the
HCDR2 sequence set forth in SEQ ID NO:53; and an HCDR3 having no more than three amino
acid additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:66;
t) an HCDR1 having no more than threc amino acid additions, deletions, or substitutions from the
HCDR1 sequence set forth in SEQ ID NO:45; an HCDR2 having no more than three amino acid
additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ ID NO:56; and
an HCDR3 having no more than three amino acid additions, deletions, or substitutions from the
HBCDR3 sequence set forth in SEQ 1D NO:67; u) an HCDR1 having no more than three amino
acid additions, deletions, or substitutions from the HCDRI sequence set forth in SEQ ID NO:46;
an HCDR2 having no more than three amino acid additions, deletions, or substitutions from the
HCDR2 sequence set forth in SEQ ID NO:57; and an HCDR3 having no more than three amino
acid additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ ID NO:68;
v) an HCDR 1 having no more than three amino acid additions, deletions, or substitutions from
the HCDRI sequence set forth in SEQ ID NO:47; an HCDR2 having no more than three amino
acid additions, deletions, or substitutions from the HCDR2 sequence set forth in SEQ ID NO:38;
and an HCDR3 having no more than three amino acid additions, deletions, or substitutions from
the HCDR3 sequence set forth in SEQ ID NO:69; w) an HCDR1 having no more than three
amino acid additions, deletions, or substitutions from the HCDR1 sequence set forth in SEQ ID
NO:48; an HCDR2 having no more than three amino acid additions, deletions, or substitutions
from the HCDR2 sequence set forth in SEQ 1D NQO:539; and an HCDR3 having no more than
three amino acid additions, deletions, or substitutions from the HCDR3 sequence set forth in
SEQ ID NO:70; x) an HCDR1 having no more than three amino acid additions, deletions, or
substitutions from the HCDR1 sequence set forth in SEQ ID NO:49; an HCDR2 having no more
than three amino acid additions, deletions, or substitutions from the HCDR2 sequence set forth in
SEQ ID NO:60; and an HCDR3 having no more than three amino acid additions, deletions, or
substitutions from the HCDR3 sequence set forth in SEQ ID NO:71; y) an HCDR1 having no
more than three amino acid additions, deletions, or substitutions from the HCDR1 sequence set
forth in SEQ ID NQ:50; an HCDRZ2 having no more than three amino acid additions, deletions,
or substitutions from the HCDR2 sequence set forth in SEQ ID NO:61; and an HCDR3 having
no more than three amino acid additions, deletions, or substitutions from the HCDR3 sequence
set forth in SEQ ID NO:72; z) an HCDRI having no more than three amino acid additions,
deletions, or substitutions from the HCDR] sequence set forth in SEQ ID NO:148; an HCDR2
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having no more than three amino acid additions, deletions, or substitutions from the HCDR2
sequence set forth in SEQ ID NOG:151; and an HCDR3 having no more than three amino acid
additions, deletions, or substitutions from the HCDR3 sequence set forth in SEQ 1D NO:154; aa)
an HCDR1 having no more than three amino acid additions, deletions, or substitutions from the
HCDRI sequence set forth in SEQ ID NO:149; an HCDR2 having no more than three amino acid
additions, deletions, ot substitutions from the HCDR2 sequence set forth in SEQ ID NO:152; and
an FICDR3 having no more than three amino acid additions, deletions, or substitutions from the
HCDR3 sequence set forth in SEQ ID NQ:155; or bb) ap HCDR 1 having no more than three
amino acid additions, deletions, or substitutions from the HCDR 1 sequence set forth in SEQ ID
NQ:150; an HCDR2 having no more than three amino acid additions, deletions, or substitutions
from the HCDR2 sequence set forth in SEQ TD NO:153; and an HCDR3 having no more than
three amino acid additions, deletions, or substitutions from the HCDR3 sequence set forth in
SEQ ID NO:156.

[006256] Preferred STZ antigen binding proteins described immediately above include
those comprising the light chain variable domain of 1) and the heavy chain variable domain of o);
those comprising the light chain variable domain of b) and the heavy chain variable domain of p);
those comprising the light chain variable domain of ¢) and the heavy chain variable domain of q);
those comprising the light chain variable domain of d) and the heavy chain variable domain of r);
those comprising the light chain variable domain of ¢) and the heavy chain variable domain of s);
those comprising the light chain variable domain of f) and the heavy chain variable domain of t);
those comprising the light chain variable domain of g) and the heavy chain variable domain of u);
those comprising the light chain variable domain of h) and the heavy chain variable domain of v);
those comprising the light chain variable domain of 1) and the heavy chain variable domain of w);
those comprising the light chain variable domain of j) and the heavy chain variable domain of 3},
those comprising the light chain variable domain of k) and the heavy chain variable domain of v},
those compriging the light chain variable domain of 1} and the heavy chain variable domein of z),
those comprising the light chain variable domain of m) and the heavy chain variable domain of
aa); and those comprising the light chain variable domain of n) and the heavy chain variable
domain of bb).

[06251] Antigen binding proteins that have an identical epitope or overlapping epitope will
often cross-compete for binding to the antigen. Thus, in certain embodiments, an antigen binding
protein of the invention cross-competes with Abl, Ab2, Ab3, Ab4, AbS5, Ab6, Ab7, Abg, Ab9,
Abl10, Ab1l, Ab30, Ab32, or Ab33. To “cross-compete” or “cross-competition” means the

antigen binding proteins compete for the same epitope or binding site on a target. Such
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competition can be determined by an assay in which the reference antigen binding protein (e.g.,
antibody or antigen-binding portion thereof) prevents or inhibits specific binding of a test antigen
binding protein, and vice versa. Numerous types of competitive binding assays can be used to
determine if a test molecule competes with a reference molecule for binding. Examples of assays
that can be employed include solid phase direct or indirect radioimmunoassay (R1A), solid phase
direct or indirect enzyme immunoassay (EIA), sandwich competition assay (see, e.g., Stahli et al.
(1983) Methods in Enzymology 9:242-253), solid phase direct biotin-avidin EIA (see, e.g.,
Kirkland et al., (1986) J. Immunol. 137:3614-3619), solid phase direct labeled assay, solid phase
direct labeled sandwich assay, Luminex (Jia ez al “A novel method of Multiplexed Competitive
Antibody Binning for the characterization of monoclonal antibodies” ./, Immunological Methods
(2004) 288, 91--98) and surface plasmon resonance ((Song et al “Epitope Mapping of
Tbalizumab, a Humanized Anti-CD4 Monoclonal Antibody with Anti-HIV-1 Activity in Infected
Patients” J. Virol. (2010) 84, 6935-6942). An exemplary method of determining cross-
competition is described in Example 5. Usually, when a competing antigen binding protein is
present in excess, it will inhibit binding of a reference antigen binding protein to a commeon
antigen by at least 50%, 55%, 60%, 65%, 70%, or 75%. In some instances, binding is inhibited
by at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more.

[08252] ADb2 binds human and cyo STZ with high affinity and blocks IL-33 binding to
87T2, thus blocking IL-33 mediated ST2 signalling. Antibodies with identical to, similar, or
overlapping epitopes with Ab2 may share these unique characterists. In preferred embodiments,
an ST2 antigen binding protein cross-competes with Ab2 for binding to ST2. Exemplary ST2
antigen binding proteins that cross-compete with Ab2 include Abl, Ab3, Ab5, Ab7, AbS, and
Ab30 (see Example 5). If attempting to find antibodies that bind an overlapping, similar, or
identical eptiope as Ab2, one may screen one or more antibodies for cross-competition with Ab2.
Moreover, when making variants to an antibody that cross-reacts with Ab2, one may screen such
antibodies to determine if the cross-competition is maintained after variation, suggesting that the
epitope of the variant is not significantly altered from the parent molecule. Thus, in certain
embodiments, the invention provides antibody variants that cross~compete with Ab2 for binding
o ST2.

[60253] Besides cross-competing with each other, antibodies with overlapping, similar, or
identical epitopes may be affected by mutagenesis of ST2 similarly. Certain mutations may
inhibit binding of an antibody; others may enhance or activate binding, In Example 11, scanning
arginine/alanine mutagenesis was performed on a portion of the extracellular domain of $T2 and

the effect on exemplary antibodies determined. Included with the scope of the invention are ST2
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binding proteins having characteristics such that they are affected in a similar way as an
exemplary antibody to mutagenesis.

[00254] In certain embodiments, binding of an ST2 antigen binding protein is inhibited by
a single mutation in ST2, wherein the single mutation is selected from the group consisting of
L14R, I15R, S33R, E43R, V47R, A62R, G63R, T7T9R, DR2R, DI7R, V104R, G138R, N132R,
and VI76R. In preferred cmbodiments, any of two or more, three or more, four or more, five or
more, 8ix or more, seven or more, eight or more nine or more, ten or more, or all of the single
moutations of the group individually inhibit binding of the ST2 binding protein. In other
cmbodiments, binding of an ST2 antigen binding protein is activated by a single mutation in ST2,
wherein the single mutation is selected from the group consisting of L53R, R72A, and S73R. In
preferred embodiments, all of the single mutations of the group individually activate binding of
the ST2 binding protein. In preferred embodiments, the ST2 antigen binding protein shares the
attributes of Ab2 and are inhibited by any of L14R, T15R, S33R, E43R, V47R, A62R, G63R,
T79R, D92R, D97R, V104R, G138R, NI5ZR, and V176R and are activated by any of L33R,
R72A, S73R.

[06255) Another method of characterizing an antibody based on its epitope is amide
hydrogen/deuterium exchange (HDX)., HDX has been widely used to study protein conformation
and dynamics, protein-ligand interactions and protein-protein interactions {Zhang and Smith
1993, Engen and Smith 2081). Mass spectrometric detection provides a powerful tool to
determine the extent of the exchange, because the replacement of 2 single hydrogen with
deuterium results in a mass increase of 1 Da for each exchange. The extent of HDX can be
readily measured at the peptide level by analysis of the protein proteolytic digest by liguid
chromatography in conjunction with tandem mass spectrometry under controlied conditions

e 7Y I

sgen and Sniith 2001, Basrga-Ortiz, Hoghes ot &l 20072, Codroann, Ladner et sl 2002,

P
i

Hamuro, Coales of al, 2008, Coales, Tuske o al. 2009, Zhang, Zhang of al. 20123

[60256) Comparison of antigen HDX profiles between proteotlyic digests of ST2 with the
absence and the presence of an antibody (free versus Bound state) can reveal the interaction sites.
Specifically, when the antibody binds to STZ, solvent accessible amide hydrogens in free ST2
can become protected, and as a result, slower exchange rates arc observed. Therefore, regions
that gained less deuterium in the presence of the antibody than in its absence are potential
binding epitopes. Other factors, including exchange rate in the free-state, knowledge of the
antigen protein structure, as well as results from other epitope mapping efforts, arc considered

when the epitopes are determined.
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[66257] Ab2 binding to ST2 was analyzed by HDX as described in Example 12. The
analysis demonstrated that Ab2 binds to/alters the exchange rate of the portion of the ST2
structure comprising amino acids 33-44 and 88-94 of amino acids 19-322 of SEQ ID NO:1
(amino acids 15-26 and 70-76 of mature ST2, respectively). Antibodies with overlapping
epitopes, similar, or identical epitopes as Ab2 will also bind to/alter the exhange rate of amino
acids within 33-44 and 88-94 of SEQ ID NO:1. In certain crmbodiments, an ST2 binding protein,
e.g., antibody, protects any of the amino acids 33-44 of SEQ 1D NO:1 when bound to ST2 and
analyzed by HDX. In other embodiments, any of amino acids 88-94 are protected. Both indicate
partial overlap of binding epitopes with Ab2. In preferred embodiments, both any of 33-44 and
any of 88-94 are protected. In certain embodiments, an ST2 binding protein, ¢.g., antibody,
protects all of the amino acids 33-44 of SEQ ID NO:1 when bound to ST2 and analyzed by
HDX. In other embodiments, all of amino acids 88-94 are protected. Both indicate a similar
binding epitope with Ab2. In preferred embodiments, both all of 33-44 and all of 88-94 are
protected, indicating an identical or nearly identical epitope as Ab2.

[606258] Binding of Ab2 to ST2 was further analyzed using X-ray crystallography. The X-
ray crystallography was consistent with the HDX analysis. The interface between the Ab and the
antigen can be determined/defined a number of ways. In Example 13, the interface was
determined using solvent exposure differential and by distance. ST2 residues that are within the
interface with Ab2 as determined by solvent exposure differences or distance of less than 5A are
(corresponding to position in mature ST2 (lacking leader sequence)) K1, F2, P19, R20, Q21,
G22,K23,Y26,170, V71, R72, 873, P74, T75, F76, N77,R78, T79, and Y81. In certain
embodiments, the ST2 binding protein forms an interface with ST2 that overlaps with that of
Ab2, including those wherein any of K1, ¥2, P19, R20, Q21, G22, K23, Y26, 170, V71, R72,
8§73, P74, T75, F76, N77, R78, T79, or Y81 are within the interface. In some embodiments, the
ST2 binding protein forms an interface with ST2 wherein P19, R20, Q21, G22, K23, and/or Y26
are within the interface. In other embodiments, 170, V71, R72, 873, P74, T75, K76, N77, R78,
T79, and/or Y81 are within the interface. In preferred embodiments, K1, F2, P19, R26, 021,
G22, K23, Y26,170, V71, R72, S73, P74, T75, F76, N77, R78, T79, and Y81 are within the
interface.

160259} The crystal structure indicated that certain amino acid residues formed hydrogen
bonds or salt bridges with amino acids with Ab2. Those residues include K1, R20, K23, Y26,
T75,N77, R78, and T79. In certain embodiments, an ST2 antigen binding protein forms
hydrogen bonds or a salt bridge with one or more of K1, R20, K23, Y26, T75, N77, R78, and
T79.

- 66 -



WO 2013/173761 PCTIUS2013/041656

[66260] The crystal structure further provides information as to which residues of Ab2
form the interface with ST2. FIG. 10 indicates the residues in the light chain variable region and
heavy chain variable region that form an interface with ST2. Also indicated are the residues that
form hydrogen bonds or salt bridges with amino acids in ST2. One may use this information to
design variants of Ab2, including those that contain variable domains having 90% identity, 95%
identity, and 10 or less insertions, deletions, and/or substitutions within the light chain or heavy
chain variable domain of Ab2. One may wish to maintain the amino acids within the interface
while altering non-interface residues. Thus, one may design and create variants of Ab2 having
orne or more amino acid additions, substitutions, and/or deletions within onc or more CDRs of
Ab?2 that maintain binding to STZ.

[60261] In some embodiments, an ST2 binding protein comprises a variant of Ab2 light
chain variable region (SEQ 1D NO:96) wherein D28, 129, S30, N31, Y32, Y49, D50, N53, ES5,
T56, D91, D92, N93, F94, and/or L96 remain unchanged or comprise a conservative substitution
thereof, and/or a variant of Ab2 heavy chain variable region (SEQ ID NO:30) wherein W33, 150,
D57, R59, H99, G100, T101, S102, S103, D104, Y105, and/or Y106 remain unchanged or
comprise a conservative mutation. In preferred embodiments, D28, N31, D50, N53, E55, D91
and D92 of the light chain variable region remain unchanged and $102, $103, D104, and Y105

of the heavy chain remain unchanged.

Polynucleotides Encoding ST? Anticen Binding Proteins
[66262] Encompassed within the invention are nucleic acids encoding ST2 antigen binding
proteins, including antibodies, as defined herein. Preferred nucleic acids include those that
encode the exemplary light and heavy chaing described herein,
160263] An exemplary nucleic acid encoding Abl LC is a nucleic acid comprising the
sequence set forth in SEQ 1D NO:73.
1860264 An exemplary nucleic acid encoding Ab2 LC is a nucleic acid comprising the
sequence set forth in SEQ 1D NO:74.
[G02635] An exemplary nucleic acid encoding Ab3 LC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:75.

[88266) An exemplary nucleic acid encoding Ab4 LC is a nucleic acid comprising the
sequence sct forth in SEQ ID NO:76.
[868267] An exemplary nucleic acid encoding AbS T.C is a nucleic acid comprising the

sequence set forth in SEQ ID NO:77.
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106268] An exemplary nucleic acid encoding Ab6 LC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:78.
[66269] An exemplary nucleic acid encoding Ab7 LC is a nucleic acid comprising the
sequence set forth in SEQ ID NG:;79.
[60276] An exemplary nucleic acid encoding Ab8 LC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:80.
[06271] An exemplary nucleic acid encoding Ab9 LC is a nucleic acid compriging the

sequence set forth in SEQ ID NG:&I1.
{66272} An exemplary nucleic acid encoding Ab10 LC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:82.

[06273] An exemplary nucleic acid encoding Abl1 LC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:83.

{00274] An exemplary nucleic acid encoding Ab30 LC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:157.

[60275] An exemplary nucleic acid encoding Ab32 LC is a nucleic acid comprising the
sequence set forth in SEQ 1D NO:138.

[66276] An exemplary nucleic acid encoding Ab33 LC is a nucleic acid comprising the

sequence set forth in SEQ ID NO:159.

[60277) An exemplary nucleic acid encoding Abl HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:7.

[00278] An exemplary nucleic acid encoding Ab2 HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:8.

[66279] An exemplary nucleic acid encoding Ab3 HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:9.
[6G286] An exemplary nucleic acid encoding Ab4 HC is a nucleic acid comprising the

sequence set forth in SEQ ID NO:10,
[066281] An exemplary nucleic acid encoding AbS5 HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:11.
[06282] An exemplary nucleic acid encoding Ab6 HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:12.
[606283] An exemplary nucleic acid encoding Ab7 HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:13.
[00284] An exemplary nucleic acid encoding Ab8 HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:14.
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[60285] An exemplary nucleic acid encoding Ab9 HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:15. ’

[60286] An exemplary nucleic acid encoding Ab10 HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:16.

[66287] An exemplary nucleic acid encoding Ab11 HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:17.

[00288] An exemplary nucleic acid encoding Ab30 HC is a nucleic acid comprising the
sequence set forth in SEQ ID NO:139.

[606289] An exemplary nucleic acid encoding Ab32 HC is a nucleic acid comprising the
sequence set forth in SEQ 1D NO:140.

[006296] - An exemplary nucleic acid encoding Ab33 HC is a nucleic acid comprising the
sequence set forth in SEQ 1D NO:141.
[066291] Aspects of the invention include polynucleotide variants (e.g., due to degeneracy)

that encode the amino acid sequences described herein.

[066292] Aspects of the invention include a variety of embodiments including, but not
limited to, the following exemplary embodiments.

[66293] An isolated polynucleotide, wherein said polynucleotide encodes one or more
polypeptides comprising an amino acid sequence selected from the group consisting of:

[066294] A. 1. alight chain variable domain sequence that is at leagt 90% identical to a
light chain variable domain sequence set forth in SEQ ID NOs:95-105, 163-165;

[00295] 2. aheavy chain variable domain sequence that is at least 90% identical to
a heavy chain variable domain sequence set forth in SEQ ID NOs:29-39, 145-147,

[66296] 3. a light chain variable domain of (1) and a heavy chain variable domain
of (2); and

[66297] B. a light chain variable domain comprising a CDR1, CDR2, CDR3 and/or a
heavy chain variable domain comprising a CDR1, CDR2, CDR3 that are the same or differ by no
more than a total of three amino acid additions, substitutions, and/or deletions in each CDR from
the following sequences:

[60298] 1. alight chain CDR1 (SEQ ID NO:106), CDR2 (SEQ ID NO:117),
CDR3 (SEQ ID NO:128) or a heavy chain CDR1 (SEQ 1D NO:40), CDR2 (SEQ ID NO:51),
CDR3 (SEQ ID NO:62) of Abl;

[66299] 2. alight chain CDR1 (SEQ ID NO:107), CDR2 (SEQ ID NO:118),
CDR3 (SEQ ID NO:129) or a heavy chain CDRI1 (SEQ ID NO:41), CDR2 (SEQ ID NO:52),
CDR3 (SEQ ID NO:63) of Ab2;
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Lae3ee] 3. alight chain CDR1 (SEQ ID NO:108), CDR2 (SEQ ID NO:119),
CDR3 (SEQ 1D NO:130) or a heavy chain CDR1 (SEQ ID N(G:42), CDR2 (SEQ ID NO:53),
CDR3 (SEQ ID NO:64) of Ab3;

[00301) 4. alight chain CDR1 (SEQ ID NO:109), CDR2 (SEQ 1D NG:120),
CDR3 (SEQ 1D NO:131) or a heavy chain CDR1 (SEQ ID NO:43), CDR2 (SEQ ID NO:54),
CDR3 (SEQ ID NO:65) of Ab4;

[00302] 5. alight chain CDRI (SEQ ID NO:110), CDR2 (SEQ ID NO:121),
CDR3 (SEQ ID NQ:132) or & heavy chain CDR1 (SEQ ID NO:44), CDR2 (SEQ 1D NO:53),
CDR3 (SEQ ID NO:66) of Ab3;

[66363] 6. alight chain CDR1 (SEQ ID NO:111), CDR2 (SEQ 1D NO:122),
CDR3 (SEQ ID NO:133) or a heavy chain CDR1 (SEQ ID NO:45), CDR2 (SEQ ID NO:56),
CDR3 (SEQ ID NO:67) of Ab6;

[00304] 7. alight chain CDR1I (SEQ ID NO:112), CDR2 (SEQ ID NO:123),
CDR3 (SEQ ID NO:134) or a heavy chain CDR1 (SEQ ID NO:46), CDR2 (SEQ ID NO:37),
CDR3 (SEQ ID NO:68) of Ab7;

[60365] 8. alight chain CDRI (SEQ ID NO:113), CDR2 (SEQ ID NQ:124),
CDR3 (SEQ ID NO:135) or a heavy chain CDR1 (SEQ ID NO:47), CDR2 (SEQ ID NO:58),
CDR3 (SEQ ID NO:69) of AbS;

[60366] 9. alight chain CDR1 (SEQ ID NO:114), CDR2 (SEQ ID NO:1235),
CDR3 (SEQ 1D NO:136) or a heavy chain CDRI (3EQ ID NO:48), CDR2 (SEQ ID NO:59),
CDR3 (SEQ ID NO:70) of Ab9;

[663067] 10. a light chain CDR1 (SEQ ID NO:115), CDR2 (SEQ ID NO:126),
CDR3 (SEQ ID NO:137) or a heavy chain CDR1 (SEQ 1D NO:49), CDR2 (SEQ ID NO:60),
CDR3 (SEQ ID NO:71) of Ab10O;

[60308] 11. alight chain CDR1 (SEQ ID NO:116), CDR2 (SEQ ID NO:127),
CDR3 (SEQ ID NO:138) or a heavy chain CDR1 (SEQ ID NO:50), CDR2 (SEQ ID NO:61),
CDR3 (SEQ ID NO:72) of Ab11,

[66309] 12. alight chain CDRI (SEQ ID NO:166), CDR2 (SEQ ID NO:169), CDR3
(SEQ ID NQ:172) or a heavy chain CDRI (SEQ ID NO:148), CDR2 (SEQ ID NO:151), CDR3
(SEQ ID NO:154) of Ab30;

[060318] 13. a light chain CDRI (SEQ ID NO:167), CDRZ (SEQ ID NO:170), CDR3
(SEQ ID NO:173) or a heavy chain CDR1 (SEQ ID NO:149), CDR2 (SEQ ID NO:152), CDR3
(SEQ ID NO:155) of Ab32; and
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06311} 14, alight chain CDR1 (SEQ ID NO:168), CDR2 (SEQ ID NO:171), CDR3
(SEQ ID NO:174) or a heavy chain CDR1 (SEQ ID NO:150), CDR2 (SEQ ID NO:153), CDR3
(SEQ ID NO:156) of Ab33.

[0G312] In preferred embodiments, the polypeptide encoded by the isolated nucleic acid is
a component of an antigen binding protein that binds ST2.

[66313] Nucleotide sequences corresponding to the amino acid sequences described
herein, to be used as probes or primers for the isolation of nucleic acids or as query sequences for
database searches, can be obtained by “back-translation” from the amino acid sequences, or by
identification of regions of amino acid identity with polypeptides for which the coding DNA
sequence has been identified. The well-known polymerase chain reaction (PCR) procedure can
be employed to isolate and amplify a DNA sequence encoding a ST2 antigen binding proteins or
a desired combination of ST2 antigen binding protein polypeptide fragments. Qligonucleoatides
that define the desired termini of the combination of DNA fragments are employed as 5'and 3'
primers. The oligonucleotides can additionally contain recognition sites for restriction
endonucleases, to facilitate insertion of the amplified combination of DNA fragments into an
expression vector. PCR techniques are described in Saiki et al., Science 239:487 (1988);
Recombinant DNA Methodology, Wu et al., eds., Academic Press, Inc., San Diego (1989), pp.
189-196; and PCR Protocols: A Guide to Methods and Applications, Tnnis et. af., eds., Academic
Press, Inc. (1990).

[66314] Nucleic acid molecules of the invention include DNA and RNA in both single~
stranded and double-stranded form, as well as the corresponding complementary sequences.
DNA includes, for example, cDNA, genomic DNA, chemically synthesized DNA, DNA
amplified by PCR, and combinations thereof. The nucleic acid molecules of the mvention
include full-length genes or cDNA molecules as well as a combination of fragments thereof. The
nucleic acids of the invention are preferentially derived from human sources, but the invention
includes those derived from non-human species, as well.

[0¢315] An "isolated nucleic acid" is a nucleic acid that has been separated from adjacent
genetic sequences present in the genome of the organism from which the nucleic acid was
isolated, in the case of nucleic acids isolated from naturally-occurring sources. In the case of
nucleic acids synthesized enzymatically from a template or chemically, such as PCR products,
¢DNA molecules, or oligonucleotides for example, it is understood that the nucleic acids
resulting from such processes are isolated nucleic acids. An isolated nucleic acid molecule refers
to a nucleic acid molecule in the form of a separate fragment or as a component of a larger

nucleic acid construct. In one preferred embodiment, the nucleic acids are substantially free from
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contaminating endogenous material. The nucleic acid molecule has preferably been derived from
DNA or RNA isolated at least once in substantially pure form and in a quantity or concentration
enabling identification, manipulation, and recovery of its component nucleotide sequences by
standard biochemical methods (such as those outlined in Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1989)).
Such sequences are prcfcraiaiy provided and/or constructed in the form of an open rcading frame
uninterrupted by internal non-translated sequences, or introns, that are typically present in
cukaryotic genes. Sequences of non-translated DNA can be present 5' or 3' from an open reading
frame, where the same do not interfere with manipulation or expression of the coding region.
[06316] The present invention also includes nucleic acids that hybridize under moderately
stringent conditions, and more preferably highly stringent conditions, to nucleic acids encoding
ST2 antigen binding proteins as described herein. The basic parameters affecting the choice of
hybridization conditions and guidance for devising suitable conditions are set forth by
Sambrook,, Fritsch, and Maniatis (1989, Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y., chapters 9 and 11; and Current Protocols in
Molecular Biology, 1993, Ausubel et al., eds., John Wiley & Sons, Inc., sections 2.10 and 6.3~
6.4), and can be readily determined by those having ordinary skill in the art based on, for
example, the length and/or base composition of the DNA. One way of achieving moderately
stringent conditions involves the use of a prewashing solution containing 5 x SSC, 0.5% SDS,
1.0 mM EDTA (pH 8.0), hybridization buffer of about 50% formamide, 6 x SSC, and a
hybridization temperature of about 55 degrees C (or other similar hybridization solutioné, such as
one containing about 50% formamide, with a hybridization temperature of about 42 degrees C),
and washing conditions of about 60 degrees C, in 0.5 x S8C, 0.1% SDS. Generally, highly
stringent conditions are defined as hybridization conditions as above, but with washing at
approximately 68 degrees C, 0.2 x SSC, 0.1% SDS. SSPE (1xSSPE is 0.15M NaCl, 10 mM
NaH.sub.2 PO.sub.4, and 1.25 mM EDTA, pH 7.4) can be substituted for SSC (1x88C is 0.15M
NaCland 15 mM sodium citrate} in the hybridization and wash buffers; washes are performed
for 15 minutes after hybridization is complete. It should be understood that the wash temperature
and wash salt concentration can be adjusted as necessary to achieve a desired degrec of
stringency by applying the basic principles that govern hybridization reactions and duplex
stability, as known to those skilled in the art and described further below (see, e.g., Sambrook et
al., 1989). When hybridizing a nucleic acid to a target nucleic acid of unknown sequence, the
hybrid length is assumed to be that of the hybridizing nucleic acid. When nucleic acids of known

sequence are hybridized, the hybrid length can be determined by aligning the sequences of the
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nucleic acids and identifying the region or regions of optimal sequence complementarity. The
hybridization temperature for hybrids anticipated to be less than 50 base pairs in length should be
5 to 10.degrees C less than the melting temperature (Tm) of the hybrid, where Tm is determined
according to the following equations. For hybrids less than 18 base pairs in length, Tm (degrees
C)y = 2@# of A + T bases) + 4(# of #G + C bases). For hybrids above 18 base pairs in length, Tm
(degrees C) = 81.5 + 16.6(logyo [Na']) + 0.41(% G + C) - (600/N), where N is the number of
bases in the hybrid, and [Na'] is the concentration of sodium ions in the hybridization buffer
(INa™] for 1xSSC = 0.165M). Preferably, each such hybridizing nucleic acid has a length that is
at least 15 nucleotides {or morc preferably at least 18 nucleotides, or at least 20 nucleotides, or at
least 25 nucleotides, or at least 30 nucleotides, or at least 40 nucleotides, or most preferably at
least 50 nucleotides), or at least 25% (more preferably at least 50%, or at least 60%, or at Jeast
70%, and most preferably at least 80%) of the length of the nucleic acid of the present invention
to which it hybridizes, and has at least 60% sequence identity (more preferably at least 70%, at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%,
and most preferably at least 99.5%) with the nucleic acid of the present invention to which it
hybridizes, where sequence identity is determined by comparing the sequences of the hybridizing
nucleic acids when aligned so as to maximize overlap and identity while minimizing sequence
gaps as described in more detail above.

[08317] The variants according to the invention are ordinarily prepared by site specific
mutagenesis of nucleotides in the DNA encoding the antigen binding protein, using cassette or
PCR mutagenesis or other techniques well known in the art, to produce DNA encoding the
variant, and thereafier expressing the recombinant DNA in cell cultare as outlined herein.
However, antigen binding protein fragments compriéing variant CDRs having up to about 100-
150 residues may be prepared by iz vizro synthesis using established techniques. The variants
typically exhibit the same qualitative biological activity as the naturally occurring analogue, €.g.,
binding to ST2, although variants can also be selected which have modified characteristics as
will be morce fully outlined below.

[60318] As will be appreciated by those in the art, due to the degeneracy of the genetic
code, an extremely large number of nucleic acids may be made, all of which encode the CDRs
(and heavy and light chains or other coraponents of the antigen binding protein) of the present

invention. Thus, having identified a particular amino acid sequence, those skilted in the art could
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make any number of different nucleic acids, by simply modifying the sequence of one or more
codons in a way which does not change the amino acid sequence of the encoded protein.
[66319] The present invention also provides expression systems and constructs in the form
of plasmids, expression vestors, transcription or expression cassettes which comprise at least one
polynucleotide as above. In addition, the invention provides host cells comprising such
exXpression systems or COnstructs.

[06320) Typically, expression vectors used in any of the host cells will contain sequences
for plasmid maintenance and for cloning and expression of exogenous nucleotide sequences.
Such sequences, collectively referred to as "flanking sequences" in certain embodiments will
typically include one or more of the following nucleotide sequences: a promoter, one or more
enhancer sequences, an origin of replication, a transcriptional termination sequence, a complete
intron sequence containing a donor and acceptor splice site, a sequence encoding a leader
sequence for polypeptide secretion, a ribosome binding site, a polyadenylation sequence, a
polylinker region for inserting the nucleic acid encoding the polypeptide to be expressed, and a
selectable marker element. Each of these sequences is discussed below.

{00321) Optionally, the vector may contain a "tag”-encoding sequence, Le., an
oligonucleotide molecule located at the 5' or 3' end of the ST2 antigen binding protein coding
sequence; the oligonucleotide sequence encodes polyHis (such as hexaHis), or another “tag" such
as FLAG, HA (hemaglutinin influenza virus), or myc, for which commercially available
antibodies exist. This tag is typically fused to the polypeptide upon expression of the
polypeptide, and can serve as a means for affinity purification or detection of the ST2 antigen
binding protein from the host cell. Affinity purification can be accomplished, for example, by
column chromatography using antibodies against the tag as an affinity matrix. Optionally, the
tag can subsequently be removed from the purified ST2 antigen binding protein by various means
such ag using certain peptidases for cleavage.

166322] Flanking sequences may be homologous (i.e., from the same species and/or strain
as the host cell), heterologous (i.e., from a species other than the host cell species or strain),
hybrid (i.e., 2 combination of flanking sequences from more than one source), synthetic or native.
As such, the source of a flanking sequence may be any prokaryotic or eukaryotic organism, any
vertebrate or invertebrate organism, or any plant, provided that the flanking sequence is
functional in, and can be activated by, the host cell machinery,

[60323] Flanking sequences uscful in the vectors of this invention may be obtained by any
of several methods well known in the art. Typically, flanking sequences useful herein will have

been previously identified by mapping and/or by restriction endonuclease digestion and can thus
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be isolated from the proper tissue source using the appropriate restriction endonucleases. In
some cases, the full nucleotide sequence of a flanking sequence may be known. Here, the
flanking sequence may be synthesized using the methods described herein for nucleic acid
synthesis or cloning.

[06324] Whether all or only a portion of the flanking sequence is known, it may be
obtained using polymerase chain reaction (PCR) and/or by screening a genomic library with a
suitable probe such as an oligonucleotide and/or flanking sequence fragment from the same or
another species, Where the flanking sequence is not known, a fragment of IXNA containing a
flanking sequence may be isolated from a larger piece of DNA that may contain, for example, a
coding sequence or even another gene or genes. Isolation may be accomplished by restriction
endonuciease digestion to produce the proper DNA fragment followed by isolation using agarose
gel purification, Qiagen® column chromatography (Chatsworth, CA), or other methods known to
the skilled artisan. The selection of suitable enzymes to accomplish this purpose will be readily
apparent o one of ordinary gkill in the art.

[060325] An origin of replication is typically a part of those prokaryotic expression vectors
purchased commercially, and the origin aids in the amplification of the vector in a host cell. If
the vector of choice does not contain an origin of replication site, one may be chemically
synthesized based on a known sequence, and ligated into the vector, For example, the origin of
replication from the plasmid pBR322 (New England Biolabs, Beverly, MA) is suitable for most
gram-negative bacteria, and various viral origins (e.g., SV40, polyoma, adenovirus, vesicular
stomatitus virus (VSV), or papillomaviruses such as HPV or BPV) are useful for cloning vectors
in mammalian cells. Generally, the origin of replication component is not needed for mammalian
expression vectors (for example, the SV40 origin is often used only because it also contains the
virus early promoter).

[60326] A transcription termination sequence is typically located 3'to the end of a
polypeptide coding region and serves to terminate transcription. Usually, a transcription
termination gequence in prokaryotic cells is a G-C rich fragment followed by a poly-T sequence,
While the scquence is easily cloned from a library or even purchased commercially as part of a
vector, it can also be readily syn{hesized using methods for nucleic acid synthesis such as those
described herein.

[06327] A selectable marker gene encodes a protein necessary for the survival and growth
of a host cell grown in a selective culture medium. Typical selection marker genes encode
proteins that (a) confer resistance to antibiotics or other toxins, e.g., ampicillin, tetracycline, or

kanamycin for prokaryotic host cells; (b) complement auxotrophic deficiencies of the cell; or (¢)
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supply critical nutrients not available from complex or defined media. Specific selectable
markers are the kanamycin resistance gene, the ampicillin resistance gene, and the tetracycline
resistance gene. Advantageously, a neomycin resistance gene may also be used for selection in
both prokaryotic and eukaryotic host cells.

166328] Other selectable genes may be used to amplify the gene that will be expressed.
Amplification is the process wherein genes that are required for production of a protein critical
for growth or cell survival are reiterated in tandem within the chromosomes of successive
generations of recombinant cells. Examples of suitable selectable markers for mammalian cells
include dihydrofolate reductase (DHFR ) and promoterless thyrnidine kinase genes. Mammalian
cell transformants are placed under selection pressure wherein only the transformants are
uniquely adapted to survive by virtue of the selectable gene present in the vector. Selection
pressure is imposed by culturing the transformed cells under conditions m which the
conceniration of selection agent in the medium is successively increased, thereby leading to the
amplification of both the selectable gene and the DNA that encodes another gene, such as an

. antigen binding protein antibody that binds to ST2 polypeptide. As a result, increased quantities
of a polypeptide such as an ST2 antigen binding protein are synthesized from the amplified
DNA.

100329 A ribosome-binding site is usually necessary for translation initiation of mRNA
and is characterized by a Shine-Dalgarno sequence (prokaryotes) or a Kozak sequence
(eukaryotes). The element is typically located 3' to the promoter and 5' to the coding sequence of
the polypeptide to be expressed. In certain embodiments, one or more coding regions may be
operably linked to an internal ribosome binding site (IRES), allowing translation of two open
reading frames from a single RNA transcript.

[66336] In some cases, such as where glycosylation is desired in a eukaryotic host cell
expression system, one may manipulate the various pre- or prosequences to improve
glycosylation or yield. For example, one may alter the peptidase cleavage site of a particular
signal peptide, or add prosequences, which also may affect glycosylation. The final protein
product may have, in the ~1 position (relative to the first amino acid of the mature protein) one or
more additional amino acids incident to expression, which may not have been totally removed.
For example, the final protein product may have one or two amino acid residues found in the
peptidase cleavage site, attached to the amino-terminus. Alternatively, use of some enzyme
cleavage sites may result in a slightly truncated form of the desired polypeptide, if the enzyme

cuts at such area within the mature polypeptide.
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160331 Expression and cloning vectors of the invention will typically contain a promoter
that is recognized by the host organism and operably linked to the molecule encoding the ST2
antigen binding protein. Promoters are untranscribed sequences located upstream (i.e., 5% to the
start codon of a structural gene (generally within about 100 to 1000 bp) that control transcription
of the structural gene. Promoters are conventionally grouped into one of two classes: inducible
promoters and constitutive promoters. Inducible promoters initiate increased levels of
transcription from DNA under their control in response to some change in culture conditions,
such ag the presence or absence of a nutrient or a change in temperature. Constitutive promoters,
on the other hand, uniformly transcribe gene to which they are operably linked, that is, with little
or no contro! over gene expression. A large number of promoters, recognized by a variety of
potential host cells, are well known. A suitable promoter is operably linked to the DNA
encoding heavy chain or light chain comprising an ST2 antigen binding protein of the invention
by removing the promoter from the source DNA by restriction enzyme digestion and inserting
the desired promoter sequence into the vector.

[66332] Suitable promoters for use with yeast hosts are also well known in the arf. Yeast
enhancers are advantageously used with yeast promoters. Suitable promoters for use with
mammalian host cells are well known and include, but are not limited to, those obtained from the
genomes of viruses such as polyoma virus, fowlpox virus, adenovirus (such as Adenovirus 2),
bovine papilloma virus, avian sarcoma virus, cytomegalovirus, retroviruses, hepatitis-B virus and
most preferably Simian Virus 40 (SV40). Other suitable mammalian promoters include
heterologous mammalian promoters, for example, heat-shock promoters and the actin promoter.
[66333] Additional promoters which may be of interest include, but are not limited to:
SV40 early promoter (Benoist and Chambon, 1981, Narure 290:304-310);, CMV promoter
(Thowmsen et al., 1984, Proc. Natl. Acad. U.S.A. 81:659-663); the promoter contained in the 3'
long terminal repeat of Rous sarcoma virus (Yamamoto et al., 1980, Cell 22:787-797), herpes
thymidine kinase promoter (Wagner et al., 1981, Proc. Natl. Acad. Sci. U.S.A4. 78:1444-1445),
promoter and regulatory sequences from the metallothionine gene Prinster er al., 1982, Nature
296:39-42); and prokaryotic promoters such as the beta-lactarnase promoter (Villa-Kamaroff er
al., 1978, Proc. Natl. Acad. Sci. U.S.4. 75:3727-3731); or the tac promoter (DeBoer ef al., 1943,
Proc. Natl. Acad. Sci. U.S.A. 80:21-25). Also of interest are the following animal transcriptional
control regions, which exhibit tissue specificity and have been utilized in transgenic animals: the
clastase T gene control region that is active in pancreatic acinar cells (Swift er al., 1984, Cell
38:639-646; Ornitz et al., 1986, Cold Spring Harbor Symp. Quant, Biol. 50:399-409;
MacDonald, 1987, Hepatology 7:425-515), the insulin gene control region that is acfive in
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pancreatic beta cells (Hanahan, 1985, Nature 315:115-122); the immunoglobulin gene control
region that is active in lymphoid cells (Grosschedl et al., 1984, Cell 38:647-658; Adames ef al.,
1985, Nature 318:533-538; Alexander et al., 1987, Mol. Cell. Biol. 7:1436-1444); the mouse
mammary tumor virus control region that is active in testicular, breast, lymphoid and mast cells
(Leder et al., 1986, Cell 45:485-495); the albumin gene control region that is active in liver
(Pinkert et al., 1987, Genes and Devel. 1 :268-276}, the alpha-feto~protein gene control rogion
that is active in liver (Krumlauf et al., 1985, Mol. Cell. Biol. 5:1639-1648, Hammer et al., 1987,
Science 253:53-58); the alpha 1-antitrypsin gene confrol region that is active in liver (Kelsey et
al., 1987, Genes and Devel, 1:161-171); the beta-globin gene control region that is active in
myeloid cells (Mogram ez al., 1985, Nature 315:338-340, Kollias et al., 1986, Cell 46:89-94); the
myelin basic protein gene control region that is active in oligodendrocyte cells in the brain
(Readhead ef al., 1987, Cell 48:703-712); the myosin light chain-2 gene control region that is
active in skeletal muscle (Sani, 1985, Nature 314:283-286); and the gonadotropic releasing
hormone gene control region that is active in the hypothalamus (Mason et al., 1986, Science
234:1372-1378).

[66334] An enhancer sequence may be nserted into the vector to increase transeription of
DNA encoding light chain or heavy chain comprising a ST2 antigen binding protein of the
invention by higher eukaryotes. Enhancers are cis-acting elements of DNA, usually about 10-
300 bp in length, that act on the promoter to increase transcription. Enhancers are relatively
orientation and position independent, having been found at positions both 5' and 3" to the
trangcription unit. Several enhancer sequences available from mammalian genes are known (e.g.,
globin, elastase, albumin, alpha-feto-protein and insulin). Typically, however, an enhancer from
a virus is used. The SV40 enhancer, the cytomegalovirus early promoter enhancer, the polyoma
enhancer, and adenovirus enhancers known in the art are exeraplary enhancing elements for the
activation of eukaryotic promoters. While an enhancer may be positioned in the vector either 5'
or 3'to a coding sequence, it is typically located at a site 5' from the promoter. A sequence
encoding an appropriate native or heterologous signal sequence (leader sequence or signal
peptide) can be incorporated into an expression vector, to promote extracellular secretion of the
antibody. The choice of signal peptide or leader depends on the type of host cells in which the
antibody is to be produced, and a heterologous signal sequence can replace the native signal
sequence. Examples of signal peptides that are functional in mammalian host cells include the
following: the signal sequence for interleukin-7 (IL-7) described in US Patent No. 4,965,193, the
signal sequence for interleukin-2 receptor described in Cosman er al., 1984, Nature 312:768, the

interleukin-4 receptor signal peptide described in EP Patent No. 0367 566; the type I interleukin-
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1 receptor signal peptide described in U.S, Patent No. 4,968,607, the type H interleukin-1
receptor signal peptide described in EP Patent No. 0 460 846.

[66335) The vector may contain one or more elements that facilitate expression when the
vector is integrated into the host cell genome. Examples include an EASE element (Aldrich et al.
2003 Biotechnol Prog. 19:1433-38) and a matrix attachment region (MAR)., MARs mediate
structural organization of the chromatin and may insulate the integrated vactor from “position”
effect. Thus, MARs are particularly useful when the vector is used to create stable transfectants.
A number of natural and synthetic MAR-containing nucleic acids are known in the art, e.g., U.S.
Pat. Nos. 6,239,328; 7,326,567, 6,177,612; 6,388,066, 6,245,974, 7,259,010; 6,037,525;
7,422,874; 7,129,062,

[60336] Expression vectors of the invention may be constructed from a starting vector
such as a commercially available vector. Such vectors may or may not contain all of the desired
flanking sequences. Where one or more of the flanking sequences described herein are not
already present in the vector, they may be individually obtained and ligated into the vector.
Methods used for obtaining each of the flanking sequences are well known to one skilled in the
art.

[60337] After the vector has been constructed and a nucleic acid molecule encoding light
chain, a heavy chain, or a light chain and a heavy chain comprising an ST2 antigen binding
sequence has been inserted into the proper site of the vector, the completed vector may be
inserted into a suitable host cell for amplification and/or polypeptide expression. The
transformation of an expression vector for an ST2 antigen binding protein into a selected host
cell may be accomplished by well known methods including transfection, infection, calcium
phosphate co-precipitation, electroporation, microinjection, lipofection, DEAE-dextran mediated
transfection, or other known techniques. The method selected will in part be a function of the
type of host cell to be used. These methods and other suitable methods are well known to the
skilled artisan, and are set forth, for example, in Sambrook ef a/., 2001, supra.

[00338] A host cell, when cuitured under appropriate conditions, synthesizes an 8T2
antigen binding protein that can subsequently be collected from the culture medium (if the host
cell sceretes it into the medium) or directly from the host cell producing it (if it is not secreted),
The selection of an appropriate host cell will depend upon various factors, such as desired
expression levels, polypeptide modifications that are desirable or necessary for activity (such as
glycosylation or phosphorylation) and casc of folding into a biologically active molecule. A host

cell may be eukaryotic or prokaryotic.
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{60339] Mammalian cell lines available as hosts for expression are well known in the art
and include, but are not limited to, immortalized cell lines available from the American Type
Culture Collection (ATCC) and any cell lines used in an expression system known in the art can
be used to make the recombinant polypeptides of the invention. In general, host cells are
transformed with a recombinant expression vector that comprises DNA encoding a desired anti-
ST2 antibody polypeptide. Among the host cells that may be employed arc prokaryotes, yeast or
higher eukaryotic cells. Prokaryotes include gram negative or gram positive organisms, for
example E. coli or bacilli. Higher eukaryotic cells include insect cells and established cell lines
of mammalian origin. Examples of suitable mammalian host cell lines include the COS-7 line of
monkey kidney cells {ATCC CRL 1651) (Gluzman er al, 1981, Cell 23:175), L cells, 293 cells,
C127 celis, 3T3 cells (ATCC CCL 163}, Chinese hamster ovary (CHO) cells, or their derivatives
such as Veggie CHO and related cell Jines which grow in serum-free media (Rasnussen et al.,
1998, Cytorechnology 28: 31), HeLa cells, BHK (ATCC CRL 10) cell lines, and the CVI/EBNA
cell line derived from the African green monkey kidney cell ine CVI{ATCC CCL 70) as
described by McMahan er af., 1991, EMBO J. 10: 2821, human embryonic kidney cells such as
293, 293 EBNA or MSR 293, human epidermal A431 cells, buman Colo205 cells, other
transformed primate cell lines, normal diploid cells, cell strains derived from in vitro culture of
primary tissue, primary explants, HL-60, 17937, HaK or Jurkat cells. Optionally, mammalian cell
lines such as HepG2/3B, KB, NIH 3T3 or S49, for example, can be used for expression of the
polypeptide when it is desirable to use the polypeptide in various signal transduction or reporter
assays. Alternatively, it is possible to produce the polypeptide in lower eukaryotes such as yeast
or in prokaryotes such ag bacteria. Suitable yeasts include Saccharomyces cerevigiae,
Schizesaccharomyces pombe, Kiuyveromyces strains, Candida, or any yeast strain capable of
expressing heterologous polypeptides. Suitable bacterial strains include Escherichia coli,
Bacillus subtilis, Salmonella typhimurium, or any bacterial strain capable of expressing
heterologous polypeptides. If the polypeptide is made in yeast or bacteria, it may be desirable to
modify the polypeptide produced therein, for example by phosphorylation or glycosylation of the
appropriate sites, in order to obtain the functional polypeptide. Such covalent attachments can be
accomplished using known chemical or enzymatic methods. The polypeptide can also be
produced by operably linking the isolated nucleic acid of the invention to suitable control
sequences in one or more insect expression vectors, and employing an insect expression system.
Materials and methods for baculovirus/insect cell expression systems are commercially available
in kit form from, e.g., lavitrogen, San Diego, Calif,, U.S.A. (the MaxBac® kit), and such

methods are well known in the art, as described in Summers and Smith, Texas Agricultural
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Experiment Station Bulletin No. 1555 (1987), and Luckow and Summers, Bio/Technology 6:47
(1988). Cell-free translation systems could also be employed to produce polypeptides using
RNAs derived from nucleic acid constructs disclosed herein. Appropriate cloning and expression
vectors for use with bacterial, fungal, yeast, and mammalian cellular hosts are described by
Pouwels er al. (Cloning Vectors: A Laboratory Manual, Elsevier, New York, 1985). A host cell
that comprises an isolated nucleic acid of the invention, preferably operably linked to at least one
expression control sequence, is a “recombinant host cell”.

[66340] In certain embodiments, cell lines may be selected through determining which cell
lines have high expression levels and constitutively produce antigen binding proteins with $T2
binding properties. In another embodiment, a cell line from the B cell lineage that does not make

its own antibody but has a capacity to make and secrete a heterologous antibody can be selected.

Cell-depleting ST2 Antio

[06341] In preferred embodiments, the ST2 antigen binding protein binds ST2 and inhibits

en Binding Proteins

1L-33 binding, thereby reducing IL-33 mediated signaling in ST2-expressing cells. In certain
embodiments, however, the ST2 antigen binding protein binds ST2 and targets an ST2-
expressing cell for depletion. Of course, the ST2 antigen binding protein may inhibit IL-33
binding and target the ST2 cell for depletion.

{66342} Cell-depleting ST2 antigen binding proteins are particularly useful for treating
diseases associated with over expression of ST2, e.g., an inflamratory disease or an ST2-
expressing tumor, Methods of targeting cells with antigen binding proteins, e.g. antibodies, are
well known in the art, Exemplary embodiments are discussed below,

Antibody Drug Conjugates

[60343] Embodiments of the invention include antibody drug conjugates (ADCs).
Generally the ADC cormprises an antibody conjugated to a chemotherapeutic agent, e.g., a
cytotoxic agent, a cytostatic agent, a toxin, or a radioactive agent. A linker molecule can be used
to conjugate the drug to the antibody. A wide variety of linkers and drugs useful in ADC
technology are known in the art and may be used in embodiments of the present invention, (See
US20090028856; US2009/0274713; US2007/0031402; W(G2005/084390; W02009/099728;
US5208020; US5416064; US5475092; 5585499, 6436931, 6372738, and 6340701, all
incorparated herein by reference).

Linkers
[00344] In certain embodiments, the ADC comprises a linker made up of one or more
linker components. Exemplary linker components include 6-maleimidocaproyl,

malcimidopropanoyl, valine-citrulline, alaninc-phenylalanine, p-aminobenzyloxycarbonyl, and
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those resulting from conjugation with linker reagents, including, but not limited to, N-
succinimidyl 4-(2-pyridylthio) pentanoate (“SPP”), N-succinimidyl 4-(N-maleimidomethyl)
cyclohexane-1 carboxylate (“SMCC,” also referred to herein also as “MCC™), and N~
succinimidyl (4-iodo-acetyl) aminobenzoate (“SIAB™).
[00345] Linkers may be a “cleavable” linker or a “non-cleavable” linker (Ducry and
Stump, Bicconjugate Chem. 2010, 2/, 5-13; incorporated herein by reference in its entirety)
Cleavable linkers are designed to release the drug when subjected to certain environment factors,
e.g., when internalized into the target cell. Cleavable linkers include acid labile linkers, protease
sensitive linkers, photolabilc linkers, dimethyl linker or disulfide-containing finkers. Non-
cleavable linkers tend to remain covalently associated with at least one amino acid of the
antibody and the drug upon internalization by and degradation within the target cefl. An
exemplary non-cleavable linker is MCC.

Drugs
[063486] In certain embodiments, the antibody is conjugated to a chemotherapeutic agent.
Examples of chemotherapeutic agents include alkylating agents, such as thiotepa and
cyclophosphamide (CYTOXAN.TM.); alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines, such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines
and methylamelamines including altretamine, triethylenemelamine, trietylenephosphoramide,
tricthylensthiophosphaoramide and trimethylolomelamine; acetogenins (especially bullatacin and
bullatacinone); a camptothecin (including the synthetic analogue topotecan); bryostatin,
callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues);
cryptophycins (particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogues, KW-2189 and CBI-TMI); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil, chlomaphazine,
cholophospbamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil
mustard; nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, ndmustine,
ranimustine; antibiotics, such as the enediyne antibiotics (e.g. calicheamicin, especially
calicheamicin .gammal and calichcamicin theta I, see, ¢.g., Angew Chem. Intl. Ed. Engl, 33:183-
186 (1994), dynemnicin, including dynemicin A; an esperamicin; as well as neocarzinostatin
chromophore and related chromoprotein enediyne antiobiotic chromomophores), aclacinomysins,
actinomycin, authramyein, azaserine, bleomycins, cactinomycin, carabicin, caminomycin,
carzinophilin; chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-ox0-L~

norleucine, doxorubicin (including morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-
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pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin,
nitomycins, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,
puromyecin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex,
zinostatin, zorubicin, anti-metabolites, such as methotrexate and 5-fluorouracil (5-FU); folic acid
analogues, such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs, such as
fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as, ancitabine,
azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine,
floxuridine, 5-FU; androgens, such as calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals, such as aminoglutethimide, mitotane, trilostanc; folic
acid replenisher, such as frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic
acid; amsacrine; bestrabucil; bisanirene; edatraxate; defofamine; demecoleine; diaziquone;
elfomithine; elliptinium acetate; an epothilone; etoglucid; gallium nitrate; hydroxyurea; lentinan;
lonidamine; maytansinoids, such as maytansine and ansamitocins; mitoguazone; mitoxantrone;
mopidamol; nitracrine; pentostatin; phenamet; pirarubicin; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSK.RTM.; razoxane; rhizoxin; sizofuran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',.2"-trichlorotriethylamine; trichothecenes (especially T-Z toxin, verracurin A,
roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine; mitobronitol;
mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxoids,
e.g. paclitaxel (TAXOL.TM., Bristol-Myers Squibb Oncology, Princeton, N.J.) and doxetaxel
(TAXOTERE.RTM., Rhone-Poulenc Rorer, Antony, France); chlorambucil; gemcitabine; 6~
thioguanine; mercaptopurine; methotrexate; platinum analogs such as cisplatin and carboplatin;
vinblastine; platinum; etoposide (VP-16); ifosfamide; mitomycin C; mitoxantrone; vincristine;
vinorelbine; navelbine; novantrone; teniposide; daunomycin; aminopterin; xelods; ibandronate;
CPT-11; topoisomerase inhibitor RFS 2000; difluoromethylomithine (DMFO); retinoic acid,
capecitabine; and pharmaceutically acceptable salts, acids or derivatives of any of the above.
Also included in this definition are anti-hormonal agents that act to regulate or inhibit hormone
action on tumors, such as anti-estrogens including for example tamexifen, raloxifene, aromatase
inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone,
and torcmifene (Fareston); and anti-androgens, such as flutamide, nilutamide, bicalutamide,
leuprolide, and goserelin; siRNA and pharmaceutically acceptable salts, acids or derivatives of
any of the above. Other chemotherapeutic agents that can be used with the present invention are
disclosed in US Publication No. 20080171040 or US Publication No. 20080305044 and arc

incorporated in their entirety by reference.
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[60347] It is contemplated that an antibody may be conjugated to two or more different
chemotherapeutic agents or a pharmaceutical composition may comprise a mixture of antibodies
wherein the antibody component is identical except for being conjugated to av different
chemotherapeutic agent. Such embodiments may be useful for targeting multiple biological
pathways with a target cell.

[06348)} In preferred embodiments, the ADC comprises an antibody conjugated to one or
more maytansinoid molecules, which are mitotic inhibitors that act by inhibiting tubulin
polymerization. Maytansinoids, including various modifications, are described in US Pat. Nos.
3896111;4151042; 4137230; 4248870, 4256746; 4260608; 4265814; 4294757; 4307016;
4308268, 4309428; 4313946, 4315929; 4317821, 4322348, 4331598, 4361650; 4364866;
4424219, 4450254, 4362663; 4371533; and WO 2009/099728. Maytansinoid drug moieties may
be isolated from natural sources, produced using recombinant technology, or prepared
synthetically. Exemplary maytansinoids include C-19-dechloro (US Pat No. 4256746), C-20-
hydroxy (or C-20-demethyl) +/- C-19-dechloro (US Pat. Nos. 4307016 and 4361650), C-20-
demethoxy (or C-20-acyloxy (<OCOR), +/- dechrolo (US Pat, No. 4294757), C-9-SH (US Pat.
No. 4,424,219), C-14-alkoxymethy! (demethoxy/CH20R) (U.S. Pat. No. 4,331,598), C-14-
hydroxymethyl or acyloxymethyl (CH20H or CH20AC) (.S, Pat. No. 4,450,254), C-15-
hydroxy/acyloxy (U.S. Pat. No. 4,364,866), C-15-methoxy (U.S. Pat. Nos. 4,313,946 and
4,315,929), C-18-N-demethyl (U.S. Pat. Nos. 4,362,663 and 4,322,348), and 4,5-deoxy (U.S. Pat.
No. 4,371,533).

[60349] Various positions on maytansinoid compounds may be used as the linkage
position, depending upon the type of link desired. For example, for forming an ester linkage, the
C-3 position having a hydroxyl group, the C-14 position modified with hydrozymethyl, the C-15
position modified with a hydroxyl a group, and the C-20 position having a hydroxyl group are all
suitable (US Pat. Nos. 5208020, RE39151, and 6913748; US Patent Appl. Pub. Nos.
20060167245 and 20070037972, and WO 2009099728).

[66356]) Preferred maytansinoids include those known in the art as DM, DM3, and DM4
(US Pat. Appl. Pub. Nos. 2009030924 and 20050276812, incorporated herein by reference).
[66351] ADCs containing maytansinoids, methods of making such ADCs, and their
therapeutic use are disclosed in US Patent Nos. 5208020 and 5416064, US Pat. Appl. Pub. No.
20050276812, and WO 2009099728 (all incorporated by reference herein). Linkers that are
useful for making maytansinoid ADCs are know in the art (US Pat. No, 5208020 and US Pat.
Appl. Pub. Nos, 2005016993 and 20090274713; all incorporated herein by reference).
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Maytansinoid ADCs comprising an SMCC linker may be prepared as disclosed in US Pat. Publ.
No. 2005/0276812.
Effector Function-Enhanced Antibodies

{86352 One of the functions of the Fo portion of an antibody is to communicate to the
fmmune systern when the antibody binds its target, This is considered “effector function.”
Communication leads to antibody-dependent cellular cytotoxicity (ADCC), antibody-dependent
cellular phagocytosis (ADCP), and/or complement dependent cytotoxicity (CDC). ADCC and
ADCP are mediated through the binding of the Fe to Fc receptors on the surface of cells of the
imrune system. CDC is mediated through the binding of the Fo with proteins of the
complement system, e.g., Clq.

[60353] The IgG subclasses vary in their ability to mediate effector functions. For
example, IgG1 is much superior to 1gG2 and IgG4 at mediating ADCC and CDC. Thus, in
embodiments wherein a cell expressing ST2 is targeted for destruction, an anti-ST2 IgG1
antibody would be preferred.

[60354] The effector function of an antibody can be increased, or decreased, by
introducing one or more mutations into the Fe. Embodiments of the invention include antigen
binding proteins, ¢.g., antibodies, having an Fe engineered to increase effector function (U.S.
7,317,091 and Strohl, Curr, Opin. Biotech., 20:685-691, 2009; both incorporated herein by
reference in ifs entirety). . Exemplary IgG1 Fe molecules having increased effector function
inciude (based on the Kabat numbering scheme) those have the following substitutions:
S239D/1332E
[606355] S239D/A3308/1332E
[60356] S239D/A330L/A332E
[603587] S298A/D333A/K334A
[06358] P2471/A339D
[66359] P24TI/A339Q
[60360] D280H/K2908
[00361] D280H/K2908/5298D
[66362] D280H/K290S/5298V

[00363] F243L/R292P/Y300L
[00364] F2431/R292P/Y 300L/P396L
[66365] F2431/R292P/Y300L/V3051/P396L
[08366] G236A/S239D/1332E
[006367] K326A/E333A
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[00368] K326W/E3338

[60369] K290E/3298G/T299A

[60370] K290N/S298G/T299A

[66371] K290E/S298G/T299A/K326E

[60372] K290N/S298G/T299A/K326E

[00373] Further embodiments of the invention include antigen binding proteins, ¢.g.,

antibodies, having an Fc engineered to decrease effector function. Exemplary Fc molecules
having decreased effector function include (based on the Kabat numbering scheme) those have

the following substitutions:

[00374]  N297A (1gG1)
[60375]  L234A/L235A (IgG1)
[66376]  V234A/G237A (IgG2)
[00377]  L235A/G237A/E318A (IgG4)
[06378]  H2680Q/V309L/A3308/A331S (1gG2)
[66379]  C2208/C2265/C229S/P238S (IgG1)
[60386]  C2268/C220S/E233P/L234V/L235A (IgG1)
[00381)  L234F/L235E/P331S (1gG1)
[06382]  S267E/L328F (1gG1)

]

100383

by reducing the fucosylation of the Fc. Removal of the core fucose from the biantennary

Another method of increasing effector function of IgG Fe~-containing proteins is

complex-type oligosachharides attached to the Fc greatly increased ADCC effector function
without altering antigen binding or CDC effector function. Several ways are known for reducing
or abolishing fucosylation of Fc-containing molecules, e.g., antibodies. These include
recombinant expression in certain marnmalian cell lines including a FUTS knockout cell fine,
variant CHO line Lec3, rat hybridoma cell line YB2/0, a cell line comprising a small interfering
RNA specifically against the FUTS gene, and a cell line coexpressing -1,4-N-
acetylglucosaminyltransferase Il and Golgi c-mannosidase I1. Alternatively, the Fe-containing
molecule may be expressed in a non-marmmalian cell such as a plant cell, yeast, or prokaryotic
cell, c.g., E. coli. Thus, in certain embodiments of the invention, a composition comprises an
antibody, c.g., Abl, Ab2, Ab3, Ab4, AbS, Ab6, Ab7, Ab8, Ab9, Ab10, or Abll having reduced
fucosylation or lacking fucosylation altogether.

Pharmaceutical Compositions
[606384] In some embodiments, the invention provides a pharmaceutical composition

cornprising a therapeutically effective amount of one or a plurality of the antigen binding proteins
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of the invention together with a pharmaceutically effective diluents, carrier, solubilizer,
emulsifier, preservative, and/or adjuvant. In certain embodiments, the antigen binding protein is
an antibody. Pharmaceutical compositions of the invention include, but are not limited to, liquid,
frozen, and Iyophilized compositions.

[66385] Preferably, formulation materials are nontoxic to recipients at the dosages and
concentiations employed. In specific embodiments, pharmaceutical compositions comprising &
therapeutically effective amount of a ST2 antigen binding protein, e.g, a ST2-binding antibody,
are provided.

[60386] In certain embodiments, the pharmaceutical composition may contain formulation
materials for modifying, maintaining or preserving, for example, the pH, osmolarity, viscosity,
clarity, color, isotonicity, odor, sterility, stability, rate of dissolution or release, adsorption or
penetration of the composition. In such embodiments, suitable formulation materials include, but
are not limited to, amino acids (such ag glycine, glutamine, asparagine, arginine, proline, or
lysine); antimicrobialg; antioxidants (such as ascorbic acid, sodium sulfite or sodium hydrogen-
sulfite); buffers (such as borate, bicarbonate, Tris-HCl, citrates, phosphates or other organic
acids); bulking agents (such as mannitol or glycine); chelating agents (such as ethylenediamine
tetraacetic acid (EDTA)); complexing agents (such as caffeine, polyvinylpyrrolidone, beta-
cyclodextrin or hydroxypropyl-beta-cyclodextrin); fillers; monosaccharides; disaccharides; and
other carbohydrates (such as glucose, mannose or dextrins}; proteins (such as serum albumin,
gelatin or immunoglobulins); coloring, flavoring and diluting agents; emulsifying agents;
hydrophilic polymers (such as polyvinylpyrrolidone); low molecular weight polypeptides; salt-
forming counterions (such as sodium); preservatives (such as benzalkonium chloride, benzoic
acid, salicylic acid, thimerosal, phenethyl alcohol, methylparaben, propylparaben, chlorhexidine,
sorbic acid or hydrogen peroxide); solvents (such as glycerin, propylene glycol or polyethylene
glycoly; sugar alcohols (such as mannitol or sorbitol}; suspending agents; surfactants or wetting
agents (such as pluronics, PEG, sorbitan esters, polysorbates such as polysorbate 20, polysorbate,
triton, tromethamine, lecithin, cholesterol, tyloxapal); stability enhancing agents (such as sucrose
or sorbitol); tonicity enhancing agents (such as alkali metal halides, preferably sodium or
potassium chloride, mannitol sorbitol); delivery vehicles; diluents; excipients and/or
pharmaceutical adjuvants. See, REMINGTON'S PHARMACEUTICAL SCIENCES, 18"
Edition, (A. R. Genrmo, ed.), 1990, Mack Publishing Company.

[606387] In certain embodiments, the optimal pharmaceutical composition will be
determined by one skilled in the art depending upon, for example, the intended route of

administration, delivery format and desired dosage. See, for example, REMINGTON'S
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PHARMACEUTICAL SCIENCES, supra. In certain embodiments, such compositions may
influence the physical state, stability, rate of in vivo release and rate of in vivo clearance of the
antigen binding proteins of the invention. In certain embodiments, the primary vehicle or carrier
in a pharmaceutical composition may be either aqueous or non-aqueous in nature. For example,
a suitable vehicle or carrier may be water for injection, physiological saline solution or artificial
cercbrospinal fluid, possibly supplemented with other materials common in compositions for
parenteral administration. Neutral buffered saline or saline mixed with serum albumin are further
exemplary vehicles. In specific embodiments, pharmaceutical compositions comprise Tris buffer
of about pH 7.0-8.5, or acetate buffer of about pH 4.0-3.5, and may further include sorbitol or a
suitable substitute therefor. In certain embodiments of the invention, ST2 antigen binding
protein cornpositions may be prepared for storage by mixing the selected composition having the
desired degree of purity with optional formulation agents (REMINGTON'S
PHARMACEUTICAL SCIENCES, supra) in the form of a lyophilized cake or an aqueous
solution. Further, in certain embodiments, the ST2 antigen binding protein product may be
formulated as a lyophilizate using appropriate excipients such as sucrose.

[00388] The pharmaceutical compositions of the invention can be selected for parenteral
delivery. Alternatively, the compositions may be selected for inhalation or for delivery through
the digestive tract, such as orally. Preparation of such pharmaceutically acceptable compositions
is within the skill of the art. The formulation components are present preferably in
concentrations that are acceptable to the site of administration. In certain embodiments, buffers
are used to maintain the composition at physiological pH or af a slightly lower pH, typically
within a pH range of from about 5 to about 8.

[60389] When parenteral administration is contemplated, the therapeutic compositions for
use in this invention may be provided in the form of a pyrogen-free, parenterally acceptable
aqueous solution comprising the desired ST2 antigen binding protein in a pharmaceutically
acceptable vehicle. A particularly suitable vehicle for parenteral injection is sterile distilled
water in which the ST2 antigen binding protein is formulated as a gterile, isotonic solution,
properly preserved. In certain embodiments, the preparation can involve the formulation of the
desired molecule with an agent, such as injectable microspheres, bio-crodible particles,
polymeric compounds (such as polylactic acid or polyglycolic acid), beads or liposomes, that
may provide controlled or sustained release of the product which can be delivered via depot
injection. In cerfain embodiments, hyaluronic acid may also be used, having the effect of
promoting sustained duration in the circulation. In certain embodiments, implantable drug

delivery devices may be used to introduce the desired antigen binding protein.
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[08396) Pharmaceutical compositions of the invention can be formulated for inhalation. In
these embodiments, ST2 antigen binding proteins are advantageously formulated as a dry,
inhatable powder. In specific embodiments, ST2 antigen binding protein inhalation solutions
may also be formulated with a propellant for aerosol delivery. In certain embodiments, solutions
may be nebulized. Pulmonary administration and formulation methods therefore are further
described in International Patent Application No. PCT/US94/0018735, which is incorporated by
reference and describes pulmonary delivery of chemically modified proteins.

{66391 It is also contemplated that formmulations can be administered orally. ST2 antigen.
binding proteins that are administered in this fashion can be formulated with or without carriers
customarily used in the compounding of solid dosage forms such as tablets and capsules, In
certain ernbodiments, a capsule may be designed 1o release the active portion of the formulation
at the point in the gastrointestinal tract when bioavailability is maximized and pre-systemic
degradation is minimized. Additional agents can be included to facilitate absorption of the ST2
antigen binding protein. Diluents, flavorings, low melting point waxes, vegetable oils, lubricants,
suspending agents, tablet disintegrating agents, and binders may also be employed.

[66392] Additional pharmaceutical compositions will be evident to those skilled in the art,
including formulations involving ST2 antigen binding proteins in sustained- or controlled-
delivery formulations. Techniques for formulating a variety of other sustained- or controlled-
delivery means, such as liposome carriers, bio-erodible microparticles or porous beads and depot
injections, are also known to those skilled in the art. See, for example, International Patent
Application No. PCT/US93/00829, which is incorporated by reference and describes controtled
release of porous polymeric microparticles for delivery of pharmaceutical compositions.
Sustained-release preparations may inchude semipermeable polymer matrices in the form of
shaped articles, e.g., films, or microcapsules. Sustained release matrices may include polyesters,
hydrogels, polylactides (as disclosed in U.S. Pat. No. 3,773,919 and European Patent Application
Publication No. EP 058481, each of which is incorporated by reference), copotymers of L~
glutamic acid and gamma ethyl-L-glutamate (Sidman et al., 1983, Biopolymers 2:547-356), poly
(2-hydroxyethyl-methacrylate) (Langer et al,, 1981, J. Biomed. Mater. Res. 15:167-277 and
Langer, 1982, Chem. Tech. 12:98-103), ethylene vinyl acetate (Langer ¢t al., 1981, supra) or
poly-D(-)-3-hydroxybutyric acid (European Patent Application Publication No. EP 133,988),
Sustained release compositions may also include liposomes that can be prepared by any of
several methods known in the art. Sec, ¢.g., Eppstein et al., 1985, Proc. Natl. Acad. Sci. U.S.A.
22:36%83-3692; Buropean Patent Application Publication Nos. EP 036,676, EP 088,046 and EP
143,949, incorporated by reference.
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[68393) Pharmaceutical compositions used for in vivo administration are typically
provided as sterile preparations. Sterilization can be accomplished by filtration through sterile
filtration membranes, When the composition is lyophilized, sterilization using this method may
be conducted either prior to or following lyophilization and reconstitution. Compositions for
parenteral administration can be stored in tyophilized form or in a solution. Parenteral
compositions gencrally are placed into a container having a sterile access port, for example, an
intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needie.
[66394] Agpects of the invention inctudes self-buffering ST2 antigen binding protein
formulations, which can be used as pharmaceutical compositions, as deseribed in international
patent application WO 06138181A2 (PCT/US2006/022599), which is incorporated by reference
in its entirety herein,

[00395] As discussed above, certain embodiments provide ST2 antigen binding proteins
protein compositions, particularly pharmaceutical ST2 antigen binding protein cornpositions, that
comprise, in addition to the ST2 antigen binding protein, one or more excipients such as those
illustratively described in this section and elsewhere herein. Excipients can be used in the
invention in this regard for a wide variety of purposes, such as adjusting physical, chemical, or
biological properties of formulations, such as adjustment of viscosity, and or processes of the
invention to improve effectiveness and or to stabilize such formulations and i}rocesses against
degradation and spoilage due to, for instance, stresses that occur during manufacturing, shipping,
storage, pre-use preparation, administration, and thereafter.

[06396] A variety of expositions are available on protein stabilization and formulation
materials and methods useful in this regard, such as Arakawa et al., "Solvent interactions in
pharmaceutical formulations," Pharm Res. 8(3): 285-91 (1991); Kendrick et al., "Physical
stabilization of proteins in aqueous solution,” in: RATIONAL DESIGN OF STABLE PROTEIN
FORMULATIONS: THEORY AND PRACTICE, Carpenter and Manning, eds. Pharmaceutical
Biotechnology. 13: 61-84 (2002), and Randolph et al., "Surfactant-protein interactions," Pharm
Biotechnol, 13: 159-75 (2002), each of which is herein incorporated by reference in its entirety,
particularly in parts pertinent to excipients and processes of the same for gelf-buffering protein
formulations in accordance with the current invention, especially as to protein pharmaceutical
products and processes for veterinary and/or human medical uses.

[06387] Salts may be used in accordance with certain embodiments of the invention to, for
example, adjust the ionic strength and/or the isotonicity of a formulation and/or to improve the
solubility and/or physical stability of a protein or other ingredient of a compeosition in accordance

with the invention.
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[66398] As is well known, ions can stabilize the native state of proteins by binding to
charged residues on the protein's surface and by shielding charged and polar groups in the protein
and reducing the strength of their electrostatic interactions, attractive, and repulsive interactions.
Jons also can stabilize the denatured state of a protein by binding to, in particular, the denatured
peptide linkages (--CONH) of the protein. Furthermore, ionic interaction with charged and polar
groups n a protein also can reduce intermolccular electrostatic interactions and, thercby, prevent
or reduce protein aggregation and insolubility.

[60399] fonic species differ significantly in their effects on proteins. A number of
categorical rankings of ions and their effects on proteins have been developed that can be used in
formulating pharmaceutical compositions in accordance with the invention. One example s the
Hofmeister series, which ranks ionic and polar non-ionic solutes by their effect on the
conformational stability of proteins in solution. Stabilizing solutes are referred to as
"kosmotropic." Destabilizing solutes are referred to as “chaotropic.” Kosmotropes commonly
are used at high concentrations (e.g., >>1 molar ammonium sulfate) to precipitate proteins from
solution ("salting-out™). Chaotropes commonly are used to denture and/or to solubilize proteins
("salting-in™). The relative effectiveness of ions to "salt-in" and "salt~out" defines their position
in the Hofmeigter series.

[664068] Free amino acids can be used in ST2 antigen binding protein formulations in
accordance with various embodiments of the invention as bulking agents, stabilizers, and
antioxidants, as well as other standard uses. Lysine, proline, serine, and alanine can be used for
stabilizing proteins in a formulation. Glycine is useful in Iyophilization to ensure correct cake
structure and properties. Arginine may be useful to inhibit protein aggregation, in both liquid
and lyophilized formulations, Methionine is useful as an antioxidant.

[86401] Polyols include sugars, e.g., mannitol, sucrose, and sorbitol and polyhydric
alcohols such as, for instance, glycerol and propylene glyeol, and, for purposes of discussion
herein, polyethylene glycol (PEG) and related substances. Polyols are kosmotropic. They are
useful stabilizing agents in both liquid and lyophilized formulations to protect proteins from
physical and chemical degradation processes. Polyols also are useful for adjusting the tonicity of
formulations.

[6064062) Among polyols useful in select embodiments of the invention is mannitol,
commonly used to ensure structural stability of the cake in Iyophilized formulations. It ensures
structural stability to the cake. It is generally used with a lyoprotectant, e.g., sucrose. Sorbitol
and sucrose are among preferred agents for adjusting tonicity and as stabilizers to protect against

freeze-thaw stresses during transport or the preparation of bulks during the manufacturing
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process. Reducing sugars (which contain free aldehyde or ketone groups), such as glucose and
lactose, can glycate surface lysine and arginine residues. Therefore, they generally are not
among preferred polyols for use in accordance with the invention. In addition, sugars that form
such reactive species, such as sucrose, which is hydrolyzed to fructose and glucose under acidic
conditions, and consequently engenders glycation, also is not among preferred polyols of the
invention in this regard. PEG is useful to stabilize proteins and as a cryoprotectant and can be
used in the invention in this regard.

1864033 Embodiments of the 812 antigen binding protein formulations further comprise
surfactants. Protein molecules may be susceptible to adsorption on gurfaces and to denaturation
and consequent aggregation at air-liquid, solid-liquid, and liquid-liquid interfaces. These effects
generally scale inversely with protein concentration. These deleterious interactions generally
scale inversely with protein concentration and typically are exacerbated by physical agitation,
such as that generated during the shipping and handling of a product.

[08464] Surfactants routinely are used fo prevent, minimize, or reduce surface adsorption.
Useful surfactants in the invention in this regard include polysorbate 20, polysorbate 80, other
fatty acid esters of sorbitan polyethoxylates, and poloxamer 188.

j60465] Surfactants also are commonly used to control protein conformational stability.
The use of surfactants in this regard is protein-specific since, any given surfactant typically will
stabilize some proteins and destabilize others.

[0606406) Polysorbates are susceptible to oxidative degradation and often, as supplisd,
contain sufficient quantities of peroxides to cause oxidation of protein residue side~chains,
especially methionine. Consequently, polysorbates should be used carefully, and when used,
should be employed at their lowest effective concentration. In this regard, polysorbates exemplify
the general rule that excipients should be used in their Jowest effective concentrations.

[60407] Embodiments of ST2 antigen binding protein formulations further comprise one
or more antioxidants. To some extent deleterious oxidation of proteins can be prevented in
pharmaceutical formulations by maintaining proper levels of ambient oxygen and temperature
and by avoiding exposure to light. Antioxidant excipients can be used as well to prevent
oxidative degradation of proteins. Among useful antioxidants in this regard are reducing agents,
oxygen/free-radical scavengers, and chelating agents. Antioxidants for use in therapeutic protein
formulations in accordance with the invention preferably are water-soluble and maintain their
activity throughout the shelf life of a product. EDTA is a preferred antioxidant in accordance

with the invention in this regard.
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[00408] Antioxidants can damage proteins, For instance, reducing agents, such as
glutathione in particular, can disrupt intramolecular disulfide linkages. Thus, antioxidants for use
in the invention are selected to, among other things, eliminate or sufficiently reduce the
possibility of themselves damaging proteins in the formulation.
[00409] Formulations in accordance with the invention may include metal ions that are
protein co-factors and that are necessary to form protein coordination complexes, such as zine
necessary to form certain insulin suspensions. Metal ions also can inhibit some processes that
eprade profeins. However, metal ions also catalyze physical and chemical processes that
degrade proteins,
[06410] Magnesium ions (10-120 mM) can be used to inhibit isomerization of aspartic
acid to isoaspartic acid. Ca* jons (up to 100 mM) can increase the stability of human
deoxyribonuclease. Mg, Mn'?, and Zn"?, however, can destabilize thDNase. Similarly, Ca*?
and Sr*? can stabilize Factor VI, it can be destabilized by Mg*?, Mn*? and Zn*?, Cu™ and Fe™,
and its aggregation can be increased by Al jons.
[60411] Embodiments of the ST2 antigen binding protein formulations further comprise
one or more preservatives, Preservatives are necessary when developing multi-dose parenteral
formulations that involve more than one extraction from the same container. Their primary
function is to inhibit microbial growth and ensure product sterility throughout the shelf-life or
term of use of the ding product. Commonly used preservatives include benzy! alcohol, phenol
and m-cresol, Although preservatives have a long history of use with small-molecule
parenterals, the development of protein formulations that includes preservatives can be
challenging, Preservatives almost always have a destabilizing effect (aggregation) on proteins,
and this has become a major factor in limiting their use in multi-dose protein formulations. To
date, most protein drugs have been formulated for single-use only. However, when multi-dose
formulations are possible, they have the added advantage of enabling patient convenience, and
increased marketability. A good example is that of human growth hormone (hGH) where the
development of preserved formulations has led to commercialization of more convenient, multi-
use injection pen presentations. At least four such pen devices containing preserved formulations
of hGH arc currently available on the market. Norditropin (liquid, Novo Nordisk), Nutropin AQ
(liquid, Genentech) & Genotropin (Iyophilized--dual chamber cartridge, Pharmacia & Upjohn)
contain phenol while Somatrope (Eli Lilly) is formulated with m-cresol.
[60412] Several aspects need to be considered during the formulation and development of

preserved dosage forms. The effective preservative concentration in the drug product must be

e



WO 2013/173761 PCT/US2013/041656

optimized. This requires testing a given preservative in the dosage form with concentration
ranges that confer anti-microbial effectiveness without compromising protein stability.

{60413} As might be expected, development of liquid formulations containing
preservatives are more challenging than lyophilized formulations. Freeze-dried products can be
lyophilized without the preservative and reconstituted with a preservative containing diluent at
the time of use. This shortens the time for which a preservative is in contact with the protein,
significantly minimizing the associated stability risks. With liquid formulations, preservative
effectiveness and stability should be maintained over the entire product shelf-life (about.18 to 24
months}. An important point to note is that preservative effectiveness should be demonstrated in
the final formulation containing the active drug and all excipient components.

[0606414] ST2 antigen binding protein formulations generally wiil be designed for specific
routes and methods of administration, for specific administration dosages and frequencies of
administration, for specific treatments of specific diseases, with ranges of bio-availability and
persistence, among other things. Formulations thus may be designed in accordance with the
invention for delivery by any suitable route, including but not limited to orally, aurally,
opthalmically, rectally, and vaginally, and by parenteral routes, including intravenous and
intraarterial injection, intramuscular injection, and subcutaneous injection,

[00415] Once the pharmaceutical composition has been formulated, it may be stored in
sterile vials as a salution, suspension, gel, emulsion, solid, crystal, or as a dehydrated or
lyophilized powder. Such formulations may be stored cither in a ready-to-use form or in a form
(e.g., tyophilized) that is reconstituted prior to administration. The invention also provides kits
for producing a single-dose administration unit. The kits of the invention may each contain both
a first container having a dried protein and a second container having an aqueous formulation. In
certain embodiments of this invention, kits containing single and multi-chambered pre-filled
syringes (e.g., liquid syringes and lyosyringes) are provided.

[66416] The therapeutically effective amount of an ST2 antigen binding protein-containing
pharmaceutical composition to be employed will depend, for example, upon the therapeutic
context and objectives. One skilled in the art will appreciate that the appropriate dosage levels
for treatment will vary depending, in part, upon the molecule delivered, the indication for which
the ST2 antigen binding protein is being used, the route of administration, and the size (body
weight, body surface or organ size) and/or condition (the age and general health) of the patient.
In certain embodiments, the clinician may titer the dosage and modify the route of administration
to obtain the optimal therapeutic effect. A typical dosage may range from about 0.1 ugfkg to up

to about 30 mg/kg or more, depending on the factors mentioned above. In specific embodiments,
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the dosage may range from 1.0 Lg/kg up to about 20 mg/kg, optionally from 10 pg/kg up to
about 10 mg/kg or from 100 pg/kg up to about 5 mg/ke.

{06417} A therapeutic cffective amount of a ST2 antigen binding protein preferably results
in a decrease in severity of disease symptoms, in an increase in frequency or dﬁration of discase
symptom-free periods, or in a prevention of impairment or disability due to the disease affliction.
[06418] Pharmaceutical compositions may be administered using a medical device.
Examples of medical devices for administering pharmaccﬁtical compositions are described in
US Patent Nos. 4,475,196, 4,439,196; 4,447,224, 4 447233, 4,486,194; 4,487,603; 4,596,556,
4,790,824; 4,941,880; 5,064,413; 5,312,335, 5,312,335, 5,383,851; and 5,399,163, all
incorporated by reference herein.

Methods of Diagnosing or Treating a §T2-associated Disease or Disorder

[00419] The ST2 antigen binding proteins of the invention are particularly useful for
detecting ST2 in a biological sample. In certain embodiments, a biological sample obtained from
a patient is contacted with a ST2 antigen binding protein. Binding of the ST2 anfigen binding
protein to ST2 is then detected to determine the presence or relative amount of ST2 in the
sample. Such methods may be useful in diagnosing or determining patients that are amenable to
treatment with a ST2 antigen binding protein.

160429] In certain embodiments, a ST2 antigen binding protein of the invention is used to
diagnose, detect, or treat an autoimmune or inflammatory disorder. In treating autoimimune or
inflammatory disorders, the ST2 antigen binding protein may target ST2-expressing cells of the
immune system for destruction and/or may block the interaction of ST2 with IL-33,

[66421] Disorders that are associated with IL-33-mediated signaling are particularly
amenable to treatment with one or more ST2 antigen binding proteins disclosed herein. Such
disorders inctude, but are not limited to, inflammation, autoimmune disease, paraneoplastic
autroimmune diseases, cartilage inflammation, fibrotic disease and/or bone degradation, arthritis,
rheumatoid arthritis, juvenile arthritis, juvenile rheumatoid arthritis, pauciarticular juvenile
rheumatoid arthritis, polyarticular juvenile rheumatoid arthritis, systeric onset juvenile
rheumatoid arthritis, juvenile ankylosing spondylitis, juvenile enteropathic arthritis, juvenile
reactive arthritis, juvenile Reter's Syndrome, SEA Syndrome (Seronegativity, Enthesopathy,
Arthropathy Syndrome), juvenile dermatomyositis, juvenile psoriatic arthritis, juvenile
scleroderma, juvenile systemic fupus erythematosus, juvenile vasculitis, pauciarticular
rheumatoid arthritis, potyarticular rheumatoid arthritis, systemic onset rheumatoid arthritis,
ankylosing spondylitis, enteropathic arthritis, reactive arthritis, Reter's Syndrome, SEA

Syndrome (Seranegativity, Enthesopathy, Arthropathy Syndrome), dermatomyositis, psoriatic
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arthritis, scleroderma, systemic lupus erythematosus, vasculitis, myolitis, polymyolitis,
dermatomyolitis, polyarteritis nodossa, Wegener's granulomatosis, arteritis, ploymyalgia
rheumatica, sarcoidosis, scleroderma, sclerosis, primary biliary sclerosis, sclerosing cholangitis,
Sjogren's syndrome, psoriasis, plaque psoriasis, guttate psoriasis, inverse psoriasis, pustular
psoriagis, erythrodermic psoriasis, dermatitis, atopic dermatitis, atherosclerosis, lupus, Still's
diseasc, Systemic Lupus Erythematosus (SLE), myasthenia gravis, inflammatory bowel disease
(IBD), Crohn's disease, ulcerative colitis, celiac disease, multiple schlerosis (MS), asthma,
COPD, , rhinosinusitis, thinosinusitis with polyps, eosinophilic esophogitis, eosinophilic
bronchitis, Guillain-Barre discase, Type T diabetes mellitus, thyroiditis(e.g., Graves' diseasc),
Addison's disease, Raynaud's phenomenon, avtoimmune hepatitis, GVHD, iransplantation
rejection, kidney damage, and the like.

[606422] In preferred embodiments, the autoimmune or inflammatory disorder is asthma,
atopic dermatitis, chronic obstructive pulmonary disease, pulmonary fibrosis, sepsis and trauma,
HIV infection, systemic lupus erythematosus, inflammatory bowel disease, rheumnatoid arthritis,
sclerosis, Wegener’s granulomatosis, Behchet disease, cardiovascular disease, rhinosinusitis,
nasal polyposis, and eosinophilic bronchitis.

[60423] In certain embodiments, a2 ST2 antigen binding protein of the invention is used to
di.agnése, détect, o treat a cancer or tumorigenic disorder. In treating a cancér or tumorigenic
disorder, the ST2 antigen binding protein may target ST2-expressing cells for destruction and/or
may block the interaction of ST2 with 1L-33, thereby reducing 11.-33 mediated signaling, For
example, high soluble ST2 expression is associated with improved survival in breast cancer
patients. (Prechtel et al, Lab Invest (2001) 81:159-165) Because soluble ST2 binds and blocks
IL~33-mediated signaling, it is contemplate that the ST2 antigen binding proteins that block TL-
33-mediated signaling would be useful in promoting improved survival in breast cancer patients.
Cancer or tumorigenic disorders that may be diagnosed, detected or treated with an ST2 antigen
binding protein include, but are not limited to, solid tumors generally, lung cancer, ovarian
cancer, breast cancer, prostate cancer, endometrial cancer, renal cancer, esophageal cancer,
pancreatic cancer, squamous cell carcinoma, uveal melanoma, cervical cancer, colorectal cancer,
bladder, brain, pancreatic, head, neck, liver, leakemia, lymphoma and Hodgkin’s discase,
multiple myeloma, melanoma, gastric cancer, astrocytic cancer, stomach, and pulmonary
adenocarcinoma.

[06424] The antigen binding proteins may be used to inhibit tumor growth, progression,
and/or metastasis. Such inhibition can be monitored using various methods. For instance,

inhibition can result in reduced tumor size and/or a decrease in metabolic activity within a tumor.
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Both of these parameters can be measured by MRI or PET scans, for example. Inhibition can
also be monitored by biopsy to ascertain the level of necrosis, tumor cell death, and the level of

vascularity within the tumor. The extent of metastasis can be monitored using known methods.
EXAMPLES

[06425] The following examples, both actual and prophetic, are provided for the purpose
of illustrating specific emabodiments or features of the present invention and are not intended to

limit its scope.

EXAMPLE 1: ST2 Antibodics are Efficacious in ap Animal Model of Asthma

[00426] This example demonstrates that administering antibodies that bind ST2 and inhibit
1L.-33-mediated signaling are efficacious in an animal model of an inflammmatory disease, i.e.,
asthma. A neutralizing mouse ST2 mAb (ST2 surrogate mAb) inhibited the activity of
exogenously administered IL-33 in vivo. Mice were administered 200 ng of recombinant mouse
1L-33 intranagally two hours after intravenous injection of 100 ug of anti-8T2 mAb. The next
day, bronchoalveolar lavage fluid (BALF) IL-5 concentrations were measured by ELISA.
Baseline IL-5 concentrations were obtained from the BALF of mice treated with saline before
saline challenge. Maximum BALF IL-5 concentrations were obtained from isotype control Ig-
treated mice challenged with 11-33. Compared to isotype control Ig treatment, ST2 mAbD
treatment significantly inhibited IL-33-induced IL-5 in the BALF of both BALB/c and C57BL/6
mouse strains (FIG. 1).

[60427] The ST2 surrogate mAb was efficacious in a cockroach allergen (CRA}-induced
model of asthma, with ST2 antibody-treated mice having significantly fewer BALF eosinophils
than isotype control Ig-treated mice. BALB/c mice were challenged with 100 pg CRA on days
1,3,6,8, 10, and 13. Mice were injected with 250 ug of either anti-ST2 mAb or isotype control
Ig on days 0, 7, and 13, with the day 13 antibody injection occurring before the final intranasal
CRA challenge. On day 14, the mice were anesthetized and subjected to fung lavage. BALF cell
populations were enumerated and treatment with anti-ST2 mAb resulted in the presence of
significantly fewer total BALF cells, with eosinophils comprising the significantly impacted cell

population (FIG. 2},

EXAMPLE 2: Production of anti-ST2 Antibodies Using the Xenomouse® Platform

[60428] The generation of fully human antibodies directed against human 8T2 was carried
out using XENOMOUSE® technology (United States Patent Nos. 6,114,598; 6,162,963,
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6,833.268; 7,049,426, 7,064,244, which are incorporated herein by reference in their entirety,
Green ef al., 1994, Nature Genetics 7:13-21; Mendez et al., 1997, Nature Genetics 15:146-156;
Green and Jakobovitis, 1998, J. Ex. Med. 188:483-495, Kellermann and Green, 2002, Current
QOpinion in Biotechnology, 13:593-597

[60429] Immunizations of XMG2K, XMG4K and XMG4KL XENOMOUSE® animals
were carried out with either a polypeptide comprising the extracellular domain of human ST2
fused to a human antibody Fc domain or with the human ST2-Fc fusion protein complexed with
human [1-33. A suitable amount of immunogen (i.e., ten pg/mouse of soluble ST2) was used for
initial immunization of XENOMOUSE® animals according to the mcthods disclosed in U.S.
Patent Application Serial No. 08/759,620, filed December 3, 1996 and International Patent
Application Nos. WO 98/24893, published June 11, 1998 and WO 00/76310, published
December 21, 2000, the disclosures of which are hereby incorporated by reference. Following
the initial immunization, subsequent boost immunizations of immunogen (five pg/mouse of
either soluble ST2 or ST2/IL33 complex) were administered on a schedule and for the duration
necessary to induce a suitable titer of anti-ST2 antibody in the mice. Titers were determined a
suitable method, for example, ELISA or by fluorescence activated cell sorting (FACs).

[00436] Animals exhibiting suitable titers were identified, and Iymphocytes obtained from
draining tymph nodes and, when necessary, pooled for each cohort. Lymphocytes were
dissociated from lymphoid tissue by grinding in a suitable medium (for example, Dulbecco’s
Modified BEagle Medium; DMEM,; obtainable from Invitrogen, Carlgbad, CA) to release the cells
from the tissues, and suspended in DMEM. B cells were selected and/or expanded using a
suitable method, and fused with a suitable fusion partner, for example, nonsecretory myeloma
P3X63Ag8.653 cells (American Type Culture Collection CRL 1580; Kearney et al, J, fmmunol.
123, 1979, 1548-1550), using techniques that are known in the art.

[60431] In one fusion method, lymphocytes were mixed with fusion partner cells at a ratio
of 1:4, The cell mixture was gently pelleted by centrifugation at 400 x g for 4 minutes, the
supernatant decanted, and the cell mixture gently mixed (for example, by using a 1 mL pipetie),
Fusion was induced with PEG/DMSO (polyethylene glycol/dimethyl sulfoxide; obtainable from
Sigma-Aldrich, 8t. Louis MO; 1 mL per million of lymphocytes). PEG/DMSO was slowly
added with gentle agitation over one minute followed, by one minute of mixing. IDMEM
(DMEM without glutamine; 2 mL per million of B cells), was then added over 2 minutes with
gentle agitation, followed by additional IDMEM (8 mL per million B-cells) which was added

over 3 minutes.
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[60432] The fused cells were gently pelleted (400 x g 6 minutes) and resuspended in 20
mL Selection media (DMEM containing Azaserine and Hypoxanthine [HA] and other
supplemental materials as necessary) per million B-cells. Cells were incubated for 20-30 minutes
at 37°C and then re~-suspended in 200 mL Selection media and cultured for three to four days in
T175 flasks prior to 96 well plating.

[60433] Cells were distributed into 96-well plates using standard techniques to maximize
clonality of the resulting colonies. After several days of culture, supernatants were collected

and subjected to screening assays. The hybridoma supernatants generated from mice immunized
with the ST2-F¢/IL33 complex were screened with an ELISA-based assay performed using 96-
well polystyrene ELISA plates passively coated overnight at 4°C with 0.5ug/ mL of ST2-Flag/his
complexed to human IL-33. To determine ST-2 specific binding, a second ELISA screen wag
performed using 96-well polystyrene plates passively coated overnight at 4°C with 10ug/ mL of
neutravidin. Plates were then washed and loaded with 0.5ug/ mL biotinylated human IL33.

This ELISA screen identified over 1200 anti-ST2 gpecific binders.

[060434] Hybridoma supernatants generated from mice immunized with soluble ST2-Fc
were screened for ST2 antigen specific antibodies by Fluorometric Microvolume Assay
Technology (FMAT) by screening against recombinant HEK2937T cells transiently transfected
with full-length hurman ST? and counter-screening against mock-transfected HEK293T cells.
Briefly, the cells were seeded into 384-well FMAT plates in a volume of 40ul/well at a density of
6,000 ST2 positive cells/well and 14,000 mock transfected ST2 negative cells/well. Hybridoma
supernatant was then added and allowed to bind for Thour at room temperature followed by a
wash and secondary detection using anti-Human Fe-Cy5 secondary antibody. This FMAT
screen identified over 2200 anti-ST2 specific binders from hybridomas generated from mice
immunized with the extracellular domain of ST2.

[00435] This combined panel of 3400 anti-ST2 specific hybridoma supernatants were then
further characterized for the ability to functional antagonize ST2 signalling using & Interferon-y
cytokine release assay. Briefly, either purified human peripheral blood mononuclear cells
(PBMNCs) or purified human NK cells were seeded into 96well tissue culture plates and
stimulated with human I1.-33 and IL-12, inducing the release of interferon-gamma into the
supernatant.  Interferon-gamma levels in the supernatant were quantified and were directly
correlated to 11-33/ST2 dependant signalling, Using this bioassay, hybridoma samples were
tested for the ability to block interferon-gamma release through blockade of the ST?2 signalling
pathway. This screen identified 578 hybridoma supernatants generated from the ST2-Fc

imunization that inhibited interferon-gamma release by greater than 80%. In addition, 505
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hybridoma supernatants generated from the ST2F¢/IL-33 complex immunization were identified
that inhibited interferon-gamma release by greater than 70%.

[04436] This panel of 1083 hybridoma supernatants was then further characterized for
cross-reactive binding to mouse and cynomolgus monkey ST2, for relative affinity ranking by
limited antigen ELISA, for biochemical receptor/ligand blocking by ELISA and for endogenous
binding by FACs using cell lines. The data generated in these secondary assays was used to
diversify the large panel into 2 sets of 40 hybridoma lines which were advanced to sub-cloning,

scale-up and purification.

EXAMPLE 3: Kp Determinations

[66437] In this example, the affinity of ST2-binding antibodies was determined. Surface
plasmon resonance evaluations were carried out using a Proteon XPR-36 optical biosensor
equipped with 2 GLC sensor chip (Bio-Rad). Biosensor analysis was conducted at 25 °‘Cin a
HBS-EP+ (1X) buffer system (10 mM HEPES pH 7.4, 150 mM Na(l, 3.0 mM EDTA, 0.05%
Surfactant P20, GE Heathcare). All reagents were kept at 8 °C prior to injection.

[68438] Goat anti-human IgG (Fe fragment specific, Jackson lmmunoResearch) was
immobilized to the sensor surface in the vertical direction via standard amine coupling to lanes 1-
6 (~4000 RU) and then blocked with ethanolamine. The antibodies were captured (~40-100 RU)
in the vertical direction to lanes 1-3, Vertical lane 6 was left blank and used for reference
purposes. The data were collected in groups of 15 antibodies (three sets of 5).

[66439] The 8T2 reagents (human or cyno) were prepared in running buffer to a
concentration of 25 nM and then diluted 3-fold to 309 pM. A single injection along the
horizontal direction delivered a full concentration series of each ST2 molecule, using buffer to
complete a row of six samples and provide an in-line blank for double-referencing the response
data, The association (3 min) and dissociation (30 min) rates were monitored at & flow rate of
100 ul/min,

[08448] The surface was regenerated at a flow rate of 106 ul/min with 10 M glycine
(pH 1.5, 30 uL).
{60441 The data were baseline corrected, cropped, aligned, reference subtracted

(interspot), and then fit to a 1.1 binding mode!l using ProteOn Manager (version 2.1.2.05). The

results are shown in Table 4.
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Table 4

Antibody | Analyte ka kd KD {pM}  Antibody  Analyte ka kd KD (piM)
Ab12 ey ST 150406 5.606-05 22.5 | Ab12 hu T2 2358406 3.41E-05 14.5
Ab13 ey ST2 1.40E+06  1.80E-04 128.0 | Ab13 husT2 1308406  9.12E-05 70.3
Abi4 oy 5T2 357E+06 159603 4450 | Abl4 huST2 4226406 2.57E-05 6.1
Ab15 ey ST2 2.67E406  6.23E-05 234 | Ab15 hu 5T2 1.836+06  5.38E-05 20.3
Ab16 ¢y ST2 2615406 2.18E-04 €3.7 | Ab16 huST2 1285406 1.47E-04 115.0
Ab17 cy ST2 2.38E406 14304 422 | Ab17 hu 5T2 2.866406  1.04E-04 36.4
Abig ¢y ST2 3.16E406  1A4E-04 45.7 | Ab1g hu T2 2.67E406  1.196-04 445
Ab19 ¢y ST2 3.076+06  1.59E-04 518 | Ab19 huST2 2.81E+06  1.25E-04 44.5
Ab20 ¢y ST2 2615406 6.648-05 255 | Ab20 husT2 2416406  5.68E-05 23.5
Ab21 ey ST2 3216406 4.925-05 15.3 | Ab21 hu §T2 2.83E406  3.07E-05 10.8
Ab22 ey ST2 2.87E+06 53305 18.6 | Abzz hu T2 2506406  4.05E-05 16.2
Ab23 cy ST2 3298406 3.23E-04 98.2 | AbZ3 husT2 2706406 2.24E-04 83.1
Ab24 ¢y ST2 2035406 1.54E-04 75.9 | Ab24 hu T2 2.89E406  1.50E-04 51,7
Ab25 ey ST2 642E406  5.7SE-04 89.6 | Ab25 huST2 4.00E406  5.44E-04 136.0
Ab26 ey ST2 5656406 3.08E-04 54.5 | Ab26 husT2 5.22E+06  2.97E-04 56.9
Ab27 cy ST2 1.63E406  3.75E-04 230.0 | Ab27 husT2 1356406 3.12E-04 230.0
Ab28 cy ST2 2.97E406  1.35E-05 4.5 | Ab28 hu ST2 2.37E+06  1.98E-05 8.4
Ab29 ey ST2 3978405 9.45E-05 238.0 | Ab29 hu ST2 3.76E405  8.96E-05 238.0
Ab30 ¢y ST2 3098406 3.17E-05 10.2 | Ab30 hu §T2 2.79E+06  2.71E-05 9.7
Ab31 cy ST2 1O7E+06  2.08E-04 194.0 | Ab31 huST2 B.78ES05  2.43E-04 277.0
Ab32 ey ST2 4.B1E+06  2.60E-04 55.8 | Ab32 hu T2 4.37E+06  2.63E-04 60.2
Ab33 oy ST2 4266406  3.31E-04 77.6 | Ab33 hu ST2 4.04E+06  3.41E-04 84.4
Ab34 oy ST2 2786406 4.60E-05 165 | Ab34 - hu ST2 2.61E+06  3.19E-05 12.3
Ab35 ¢y ST2 9.76E405  1.00E-04 103.0 | Ab3S hu ST2 8.A7E+0S  1.15E-04 1410
Ab36 cy ST2 4140000 0.000278 67.1 | Ab36 hu 5T2 4.2E+06  2.80E-04 68.1
[00442) The affinity of additional antibodies were determined using a slightly modified

Plasmon resonance protocol. The surface plasmon resonance evaluations for the antibodies Abl,

Ab2, Ab3, and Ab4 were conducted at 25°C using a Biacore 3000 instrument (Biacore

International AB, Uppsala, Sweden) equipped with a CMS sensor chip. Anti-Fcy specific capture

antibodies were covalently immobilized to two flow cells on the CM4 chip using standard amine-

coupling chemistry with HBS-EP ((10 mM HEPES pH 7.4, 150 mM NaCl, 3 mM EDTA,
0.005% Surfactant P20, GE Heathcare) as the running buffer. Briefly, cach flow cell was

activated with a 1:1 (v/v) mixture of 0.1 M NHS and 0.4 M EDC. AffmiPure Goat Anti-Human

1gG, Fcy Fragment Specific antibody (Jackson ImmunoResearch Inc. West Grove, PA) at 30

ug/ml in 10mM sodiurn acetate, pH 5.0 was immobilized with a target level of 3,000 RUs on two

flow cells. Residual reactive surfaces were deactivated with an injection of 1 M ethanolamine.

The running buffer was then switched to HBS-EP + 0.1 mg/ml BSA for all remaining steps.
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[60443)] All antibodies were prepared in running buffer in triplicate and diluted 3-fold, and
injected so that a three minute injection at 10 pl/min over the test flow cell resulted in
approximately 75 - 90 response units of antibody captured on the test flow cell surface. No
antibody was captured on the control flow cell surface. Human or cyno §T2 at various
concentrations (200 oM - 0.0914 nM) , along with buffer blanks were then flown over the two
flow cells. A flow rate of 50 ul/min was used and a two minute association phase followed by a
four min dissociation phase. After each cycle the surfaces were regenerated with a 50 uL
injection of 10 mM glycine pH 1.5. Fresh antibody was then captured on the test flow cell to
prepare for the next cycle. A separate long dissociation experiment (60 min} was performed in
triplicate at a concentration of 200 nM.

{60444 Data was double referenced by subtracting the control surface responses to
remove bulk refractive index changes, and then subtracting the averaged buffer blank response to
remove systematic artifacts from the experimental flow cells. The ST2 data were processed and
globally fit to a 1.1 interaction model with a local Rmax in BIA evaluation Software v 4.1.
{Biacore International AB, Uppsala, Sweden). Association (k,) and dissociation (ky) rate
constants were determined and used to calculate the dissociation equilibrium constant (Kyp). The
dissociation rate constants and dissociation equilibrivm constants for Abl, Ab2, Ab3, and Ab4

are surmnmarized in Table 5,

Table 5
Antibody stz k. {(1/Ms) kq (1s) Kp {ph)

Ab1 Human 1.43E+06 1.11E-04 77.7
Ab1 Cyno 1.69E+06 1.97E-04 117
Ab2 Human 3.33E+05 1.13E-05 33.9
Ab2 Cyno 3.60E+05 1.18E-05 32.2
Ab3 Human 4.00E+05 9.50E-08 238
Ab3 Cyno 6.74E+05 8.55E-05 127
Ab4 Human 2.35E+06 7.06E-04 301

Ab4 Cyno 2.50E+08 1.20E-03 516
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EXAMPLE 4: pH-Sensitive Binding of Antibodies

[06445] Therapeutic antibodies that bind with decrease affinity at low pH to their targets
may bave enhanced PK properties that will allow them to be delivered less frequently or at lower
doses. (Nat Biotechnol, 2010 28(11):1203-7 T. Igawa et al Antibody recycling by engineered
pH-dependent antigen binding improves the duration of antigen neutralization) This is due to
target release by the antibody at the low pH of the lyzosome, followed by subsequent target
degradation and antibody recycling,

[66446] Biosensor analysis of the pH sensitive binding of the antibodies Abl, Ab2, Ab3,
and Ab4 was carried out on a Biacore 4000. The setup was similar to Example 3, where the Kp
measurements of these antibodies were conducted, except that data was fit for a duplicate
injection of a single concentration of 2.46 nM of 0-ST2 antibody. The association (5 min) rates
at pH 7.4 and dissociation (10 min) rates at pH 5.5 and 7.4 were monitored at a flow rate of 30
ul./min. The reference subtracted data was fit to a 1:1 model in Scrubber. Several of the

antibodies displayed dramatically faster off rates at lower pH, as shown in Table 6.

Table 6
Estimated | pH 7.4/ pH
Antibody pH ks(1/s)* | 5.5 kdfold
change

Abl 7.4 0.000134 88.1

Abl 5.5 0.0118

Ab2 7.4 0.0000298 8.0

Ab2 5.5 0.000238

Ab3 7.4 0.0000273 2.9

Ab3 55 0.0000751

Abd 7.4 0.000632 16.9

Ab4 5.5 0.0107

EXAMPLE 5: Antibody Cross-Competition

[60447] A common way to characterize epitopes is through competition experiments.
Antibodies that compete with cach other can be thought of as binding the same site on the target.
This example describes a method of determining competition for binding to ST2 and the results
of the method when applied to a number of antibodies described herein.
[00448] Binning experiments can be conducted in a number of ways, and the method
employed may have an effect on the assay results. Common to these methods is that ST2 is
typically bound ‘by one reference antibody and probed by ancther. If the reference antibody
prevents the binding of the probe antibody then the antibodies are said to be in the same bin. The
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order in which the antibodies are employed is important. If antibody A is employed as the
reference antibody and blocks the binding of antibody B the converse is not always true:
antibody B used as the reference antibody will not necessarily block antibody A. There arc a
number of factors in play here: the binding of an antibody can cause conformational changes in
the target which prevent the binding of the second antibody, or epitopes which overlap but do not
completely occlude each other may allow for the second antibody to still have cnough high-
affinity interactions with the target to allow binding. In general, if competition is observed in
either order the antibodics are said to bin together, and if both antibodies can block each other
then it is likely that the epitopes overlap more completely.

[68449) Far this Example, a modification of the Multiplexed Binning method described by
Jia, et al (J. Immunological Methods, 288 (2004) 91-98) was used. Soluble ST2-FLAG His was
used. Each Bead Code of streptavidin-coated Luminex beads (Lurmninex, #L.100-L1XX-01, XX
specifies the bead code) was incubated in 100ul of 6pg/bead biotinylated monovalent mouse-anti-
human 1gG capture antibody (BD Pharmingen, #555785 ) for 1 hour at room temperature in the
dark, then washed 3x with PBSA, phosphate buffered saline (PBS) plus 1% bovine serum
albumin (BSA). Each bead code was separately incubated with 100 ul of & 1:10 dilution anti-
ST2 antibody (Coating Antibody) for 1 hour then washed. The beads were pooled then
dispensed to a 96-well filter plate (Millipore, #MSBVN1250). 100ul of 2ug/ml ST2 was added
to half the wells and buffer to the other half and incubated for 1 hour then washed. 100 ulof a
1:10 dilution anti-ST2 antibody (Detection Ab) was added to one well with ST2 and one well
without ST2, incubated for 1 hour then washed. An irrelevant human-IgG (Jackson, #009-000-
003) as well as a no antibody condition (blank) were run as negative controls. 20ul PE-
conjugated monovalent mouse-anti-human IgG (BD Pharmingen, #555787) was added to each
well and incubated for 1 hour then washed. Beads were resuspended in 75ul PBSA and at least
100 events/bead code were collected on the BioPlex instrument (BioRad).

{664590] Median Fluorescent Intensity (MFTD) of the antibody pair without ST2 was
subtracted from signal of the corresponding reaction containing ST2. For the antibody pair to be
considered bound simultaneously, and therefore in different bins, the value of the reaction had to
meet two criteria: 1) the values had to be 2 times greater than the coating antibody paired with
itself, the irrelevant or the blank, whichever was highest, and 2) the values had to be greater than
the signal of the detection antibody present with the irrelevant or the blank coated bead., A

mininmum of threc bins were found as shown in Table 7 below,

- 104 -



WO 2013/173761 PCT/US2013/041656

Table 7

Bin | Antibody | Bin Antibody

Binl  Ab23 | Bin2  AbS %
Abl17 Ab10
Ab24 Ab11
Ab25 Bin3  Ab29
Ab12
Ab36
Abld
Ab18
Ab19
Ab20
Ab33
Ab34
Ab1
Ab7
Ab3
Ab15
Ab16
Ab27
AbS
Ab2
AbS8
Ab13
Ab30
AD35
Ab28

EXAMPLE 6; 11.-33-Blocking Assays

[60451] The mechanism of action of the ST2 antibodies was explored using two
AlphaScreens. In combination, the assays were used to determine if the antibodies could inhibit
the association of IL-33 with ST2 or in conirast if the antibodies could specifically block the
association of the co-receptors ST2 and AcP while still allowing IL-33 to agsociate with ST2.
AlphaScreen is an acronym for Amplified Luminescent Proximity Homogenous Assay screer.
[06452) In the first screen, antibodies were evaluated for the ability to block an association
between [1-33 and ST2. This assay measured the ability of the anti-ST2 antibodies to block the
association of biotinylated human TL-33 (coupled with a Streptavidin donor bead) with
6xhistidine tagged human ST2 (coupled with a Ni-chelate acceptor bead). The 1L-33/8T2
AlphaScreen was conducted using 40ul reactions in a 96 well half area plate (Perkin Elmer).

The assay buffer that was used for both AlphaScreens contained 40mM HEPES (pH=7 4), ImM
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CaClZ, 0.1% BSA, 0.05% Tween-20 and 100mM NaCl. Each assay well contained 0.30M
biotinylated human 11-33, 0.3nM human ST2-FH (FH stands for FLAG and 6xHistidine tags ),
10ug/ml Streptavidin coated donor beads (Perkin Elmer, Waltham, MA), 10ug/mi Ni-chelate
coated acceptor beads (Perkin Elmer) and 12.5ug/ml of an anti-ST2 Ab, After the addition of all
assay components the plates were incubated overnight in the dark at room temperature.  The
next day the plates were read on 8 2103 Envision multilabel reader (Perkin Elmer).  Laser
excitation of the donor beads at 680nm was used to generate reactive oxygen that could initiate a
lominescent/fluorescent cascade in the acceptor beads that were in close proximity due to the
interaction of the bead coupled proteins resulting in the emission of light which was detected at
570nm.

[00453] In the second assay, antibodies were evaluated for the ability to inhibit the TL-33
mediated association of ST2 with the co-receptor AcP. This assay measured the ability of the
anti-ST2 antibodies to block the [1-33 mediated association of biotinylated human ST2-Fc
(coupled with a Streptavidin donor bead) with 6xhistidine tagged human AcP (coupled with a Ni-
chelate acceptor bead). The ST2/AcP AlphaScreen was conducted in Sul reactions in 2 384 well
optiplate (Perkin Elmer). Each assay well contained 5nM human IL-33, 5nM bictinylated human
ST2-Fc, 5nM human AcP-FH, 10ug/ml Streptavidin coated donor beads, 10ug/ml Ni-chelate
coated aceeptor beads and 12.3ug/ml of an anti-ST2 Ab. After the addition of all assay
components the plates were incubated overnight in the dark at room temperature.  The next day
the plates were read on a 2103 Envision multilable reader (Perkin Elmer) using the same
parameters as above for the first assay.

[08454] The results of the two AlphaScreens are presented in Table § below. The
inhibition of each antibody i8 presented as the percentage of inhibition of signal in the
AlphaScreen using a given antibody at a concentration of 12.5ug/ml relative to the signal in the
assay when no antibody was included in the assay well. Some antibodies inhibited the ST?2 and
iL.-33 interaction more completely than they inhibited the ST2/11.-33/AcP interaction and some
antibodies inhibited the ST2/IL-33/AcP interaction more completely than the ST2 and IL-33
interaction, All antibodies inhibited the IL-33 interaction with ST2 by at least 50%.
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Table 8

%inhib | % inhib

Name STZ-1133 | STZ-AcP
AS AS

12.5ug/ml | 12.5ug/ml}

AbB 08.5 71.2
Abd 98.4 77.8
AbY 75.9 93.1
Ab10 51.8 73.2
Ab1 98.1 86.9
Ab7 98.9 75.7
Ab3 08.8 68.7
Ab11 75.8 83.6
Abb 96.3 33.8
Ab2 99.2 96.4

EXAMPLE 7: In Vitro Human I1-33 Bioassay

[064535] Exemplary ST2 human mAbs were tested in a human bloassay utilizing purified
CD4+ T cells obtained from various donors stimulated with human IL-33 and human IL-2. The
procedure for the assay is as follows. Cells are seeded at 250,000 cells per well in 60 ul volume
in 2 96 well round bottom plate. After preincubation, add 30 ul of 4x mixture of hulL-2 + hull~
33 to each well. Total volume in 96-well round bottom plate is 120 ul. Start antibodies at 20
ug/ml and do 1:3 dilutions to generate 10 point curve. Make 4x in 30 ul. After preincubation of
Abs with cells, add 30 ul of 4x mixture of hull.-2 + hulL-33 to each well. 37°C, 5% CO2 for 48
hours. Harvest supernatants. Analyze inhibition of 1L-5 by hull-5 ELISA.

|166456] Figure 3 shows ST2 mAbDs in the inhibition of human IL-33-induced 1L.-5
production from CD4+ T cells from various donors. The ( — ) line depicts the positive control
value of uman IL-33 in combination with human IL-2 without inhibition. The (-- - ) depicts
the positive control value of human IL-2. The (=« ) line depicts the media control value.
Human CD4+ T cells were preincubated for 30 minutes with anti-ST2 mAbs and then stimulated
for 48 hours with human IL-33 (4 ng/m!) and human IL-2 (10 ng/ml). FI1G 3 shows that ST2
antibodies are able to inhibit human IL-33-induced ST2 activation, as determined by IL-5
production from CD4+ T cells. The ST2 antibodies were able to antagonize IL-33 induced IL~5
production from CB4+ T cells with IC50s of approximately <100 nM. Table 9 shows

representative IC50 values.
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Table 9

i1C50

Ab (n)

2 5.25

8 6.90

10 6.90
1 10.68
9 62.01
5 64.54
i1 479.86

EXAMPLE §: Cynomolgus Monkey CD4+ T-cell IFNy Release Agsay

[06457] Cynomolgus monkey peripheral blood mononuclear cells (PBMC) were enriched
fromn acid citrate dextrose (ACD) treated normal donor peripheral bleod by ISOLYMPH
{Gallard-Schlesinger Industries, Plainview, NY) gradient centrifugation. Subsequent isclation of
cynomolgus monkey CD4+ T celis was performed using Miltenyi Biotec’s cynomolgus monkey
CD4+ T cell Isolation Kit. Isolated cyno CD4+ T cells (2x10° cells/well in 96 well plates) were
incubated with purified monoclonal antibodics at various concentrations for 30 minutes at room
temperature and then stimulated with 1L-33 (10 ng/mL), IL-2 (10 ng/mL}, and 1L-12p70
(50ng/mL) for eighty-four hours. The resulting cell-free cynomolgus monkey CD4+ T cell
culture supernatants were then analyzed for the presence of cynomolgus monkey IFNy by ELISA
(example data is provided in Table 10). The potency of purified monoclonal antibodies was

determined in the cynomolgus monkey CD4+ T cell IFNY release assay from three separate

donors.
Table 10

IC-50 Values |  pM
Ab1 15.82
Ab2 79.5
Ab3 15.15
Ab4 4.03
Ab5 12.9
AbB 47 4
Ab7 40,01
Ab8 158.07
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EXAMPLE 9: Human Fosinophil I1-8 Release Agsay

[06458] Human erythrocytes and granulocyies were enriched from heparinized, normal
donor petipheral blood by ISOLYMPH (Gallard-Schiesinger Industries, Plainview, NY) gradient
centrifugation, The erythrocytes were removed using ACK lysing buffer (Gibeo, Carlsbad, CA),
Subsequent isolation of eosinophils was performed using Miltenyi Biotec’s Eosinophil Isolation
Kit. Isolated cosinophils (2x10° cells/well in 96 well plates) were incubated with non-clonal or
clonal supernatants at several dilutions, or purified monoclonal antibodies at various
concentrations for 30 minutes at room temperature and then stirnulated with I1-33 (2'ng/mL) and
IL-3 (100 ng/mL} for three days. The resulting cell-free cosinophil culture supernatants were
then analyzed for the presence of IL-8 by ELISA. Example data is shown in Table 11. The
potency of purified monoclonal antibodies was determined in the eosinophil IL-8 release assay

from three separate donors.

Table 11
iC-50's
pM
Ab1 51.45
Ab2 52.75
Ab3 50.38
Abd 1412
AbS 73.27
AbB 83.02
Ab7 40.68
Ab8 3120 |

EXAMPLE 10: Potency of Anti-ST2 Antibody Compared to Commercially Available Antibodies

[08459) Primary CD56-positive human NK cells (5 x 10e4 cells) were treated with human
IL-12 (1 ng/mL) plus increasing amounts of human IL-33, as shown in FIG. 4. Twenty-two
hours later, celi-free supernatants were collected and measured for IFN-y concentration using a
commercial agsay (R&D Systems). 10 ng/mL TL-33 was used as the stimulation dose for the ST?2

antibody inhibition,

Antibody Inhibition of 11.-33 Activity

{06460} Human NK cells were stivnulated as above. Thirty minutes prior to IL-33 and T~

12 addition, ST2 antibodies were added to cells at the concentrations as indicated in FIG. 3,
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Twenty-two hours following IL-33 treatment, cell-free supernatants were collected and measured
for IFN-y oonéentration using a commercial agsay (R&D Systems). Clone names are indicated
for the commercially available antibodies. Only Ab2 completely inhibited the IL-33-dependent
IFN-y response and it was significantly more potent than any of the commercially available

huST2 antibodies. The IC50 value corresponding to cach antibody is shown in Table 12,

Table 12
Antibody IC50 (ug/ml)
2A5 ~608
HB12 7.700
B4EB ~4.3.54
FBY ~498.4
97203 0.3851
Ab2 0.04123

[60G461] EXAMPLE 11 Alanine/Argininc Scanning Mutagenesis of ST2

[60462] This Example characterizes ST2 antibodics based on the effect of mutagenesis of
ST2 on their ability to bind the target. Previous binding data indicated that ST2 domains 1 and 2
are primarily responsible for antibody binding for the panel of antibodies analyzed by ST2
scanning mutagenesis in this Example. As such, only domains 1 and 2 (D1D2) of ST2 were
considered structurally in the context of the full length ST2 in the designs of mutation sites.
[66463] The ST2 and IL-33 complex model coordinates were obtained from Lingel et al,,
Structure {London, England: 1993). Elsevier Ltd 17, 1398-410. The per residue sidechain solvent
accessibility of ST2 was calculated in the Molecular Operating Environment { Molecular
Operating Environment (MOE), 2011.10; Chemical Computing Group Inc., 1010 Sherbooke St.
West, Suite #910, Montreal, QC, Canada, H3A 2R7, 2011.). These solvent accessibility valucs
were then used in the selection of D1D?2 surface residues for mutagenesis by first selecting all
D1D2 residues with sidechain exposures of at least 10 A% or glycine residues with total exposures
of at least 10 A%, Glycine residues with a positive Phi angle were removed, as were proline
residues, since mutations at such positions have a higher probability of distorting the local
protein structure. Cysteine residues were also removed from the selection to maintain disulfide

linkages. Residue A82 was removed after visual inspection. This method produced a list of 140
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residues for mutagenesis. All residues were mutated to arginine except for arginine and lysine
residues, which were mutated to alanine.
[00464] All mutant constructs of parental His-Avi-tagged ST2 extracellular domain
(ECD), in pTT5 vector, were expressed in transiently transfected 293-6E suspension cells
(NRCC) in 24-well plates. In-vivo biotinylation was achieved by co-transfection of BiR A in
pTT5 vector. The supernatants were dialyzed with PBS to remove excess biotin,
[60465] BioPlex binding assay is used to measure binding of anti-ST2 antibodies to point
mutations of ST2. The biotinylated mutants were bound onto 80 bead codes of streptavidin-
coated beads (Luminex, #L.100-L1XX-01, XX specifies the bead code). The 80 bead codes
allowed the multiplexing of two sets of 70 mutants for 140 total. Each set included 6 parental
| controls, 3 irrelevant protein controls and 1 blank. Antibody binding to mutant protein was
compared to antibody binding to the parental.
[06466] 100u! of a 1.7 dilution of the ST2 mutants, parental and controls or ne protein pre
bound to the beads were washed 5X with PBS +1% BSA, pooled and aliquoted into a 96-well
filter plate (Millipore) then washed again. 100ul anti-ST?2 antibodies in 3-fold dilutions were
added to triplicate wells, incubated for 1 hour at RT and washed. 100ul of 1:500 dilution of PE-
conjugated anti-hurnan IgG Fe (Jackson, #109-116-170) was added to each well, incubated for
0.5 hour and washed. Beads were resuspended in 75 ul., shaken for at least 3mins, and read on
the BioPlex,
160467 Before ronming the binding assay, a validation experiment was conducted to assess
the “bead region” to “bead region” (B-B) variability. In the validation experiment, all beads
were conjugated with the same wild-type control protein. Therefore, the difference between
beads regions was due to purely B-B variance and was not confounded by difference between
wild type and mutant proteins. The titration of antibody was run with twelve replications in
different wells.
[60468] The objective of this statistical analysis was to estimate the B-B variability of the
estimated EC50 of binding curves. The estimated B-B standard deviation (SD) was then used to
build the BEC50 confidence intervals of wild type and mutant proteins during curve comparison
cxperiments.
[60469] A four-parameter logistic model was fitted to the binding data for each bead
region. The resulting “sumout.xls” file, containing curve quality control (QC) results and
parameter estimates for top (max), bottorn (min}, Hilislope (slope), and natural log of EC50
(xmid) of the curves, was used as the raw data for the analysis. B-B variability for each

parameter was then estimnated by fitting mixed effect model using SAS PROC MIXED
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procedure. Only curves with “good” QC status were included in the analysis. The final mixed
effect model included only residual (1.e. individual bead regions) as random effect. Least squares
means (LS-mean) for each parameter were estimated by the mixed effect model as well. B-B SD
was calculated by taking square oot of B-B variance. Fold change between LS-mean + 28D and
L8-mean - 28D, which represent approximately upper and lower 97.5 percentile of the
population, was also calculated.

[GG478] To identify mutants that did not produce much response relative to WT control,
for each antibody, mutants where max (MFT) are less than 30% of the max(MFT) for WT control
arc identified and flagged as Hitmax.

[06471] The EC50s of the mutant binding curves and wild type binding curves were
compared. Statistically significant differences were identified as hits for further consideration.
The curves with “nofit” or “badfit” flags were excluded from this analysis.

[66472] Two sources of variations are considered in the comparison of EC50 estimates,
varigtion from the curve fit and the bead-bead variation. Wild types and mutants were linked 1o
different beads, hence their difference are confounded with the bead-bead difference. The curve
fit variation is estimated by the standard error of the log EC50 estimates. Bead-bead variation is
experimentally determined using an experiment where wild fype controls were linked to each one
of the beads, The bead variation in EC50 estimates of wild type binding curve from this
experiment is used to estimate the bead-bead variation in the actual mapping experiment.
[66473] ~ The comparisons of two EC50s {in log scale) are conducted using Student’s t-test.
A t-statistics is calculated as the ratio between delta (the absolute differences between EC30
estimates) and the standard deviation of delta. The variance of delta is estimated by the sum of
the three components, variance estimate of EC50 for mutant and wild type curves in the
nonlinear regression and two times the bead-bead variance estimated from a separate experiment.
The multiple of two for the bead-bead variance is due to the assumption that both mutant and
wild type beads have the same variance,

[606474] The degree of freedom of the standard deviation of delta was calculated using the
Satterthwaite’s (1946) approxirnation.

[80475] Individual p-values and confidence intervals (95% and 99%) were derived based
on Student’s t distribution for each comparison.

{0047 6] In the case of multiple wild type controls, a conservative approach was taken by
picking the wild type control that was most similar to the mutant, i.c., picking the ones with the

largest p-values.
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[60477] Multiplicity adjustments are important to control the false positive while
conducting a large number of tests simultaneously. Two forms of multiplicity adjustment were
implemented for this analysis: family wise error (FWE) contrel and false discovery rate (FDR)
control. The FWE approach controls the probability that one or more hits are not real; FDR
approach controls the expected proportion of false positive among the selected hits. The former
approach is more conservative and less powerful than the latter one. There are many methods
available for both approaches, for this analysis, we chose Hochberg’s (1988) method for FWE
analysis and Benjamini-Hochberg’s (1995) FDR method for FDR analysis. Adjusted p-values
for both approaches are calculated either for cach antibody or the wholc assay.

[08478] A mutant was selected as having an effect by the following criteria if: 1) a bad fit
or no fit results was returned for that mutant, 2) the mutant was selected for the hitmax criteria, 3)
the family wise error pValue was less than 0.01, or 4) the Brnax value was greater than 200% of
parental. A hit was designated as an. inhibitor if the effect reduced Bmax or increased the EC50
value, a hit was designated as an activator if it increased Bmax or decreased the EC50 value. 8
mutation were excluded from the hit list due to their effect on >90% of the antibodies tested, they
are: K37A, R46A, D63R, V7IR, G106R, K112A, NI32R, Q137R, and Y141R.

160479] The results of the analysis are provided in Tables 13 and 14,
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Table 13
Ab Bin  Inhibiting mutants Activating mutants
AbI 1 L14R, 113R, §33K, E43R, V4TR, AK2R, GASR, - L33R, R72A,873R
TTOR, DY2R, DY7R, VIG4R, GI38R, N152R, L :
: VI6R ' o
Ab3 1 S3R, E10R, I15R, S33R, B43R, VATR, A62R,  D29R, L53R, V6IR, R72A,
G63R, F76R, T79R, DO2R, DITR, VI104R, T162R
T124R, K131A, QI134R, GI138R, F147R,
VI76R, VI84R
AB3Z | S3R, 115R, V32K, $39R, B4R, v47TR, 850R,  D20R, R7JA
K554, AB2R, G65R, TT9R, DI2R, VISR,
DOTR, VIP4R, BI2]R, QI34R, G138R, S146R, .
F147R. V176R .
Ab33 1 3R, TI5R, Y32R, S33R, T35R, E43R, V47TR,  D29R,R72A
S50R, K554, AG2R, G63R, TT9R, DO2R,
V95R, D97R, VI04R, E128R, Q134R, G138R,
S S146R, F147R. N132R, V176R o
CAD3G 1 SHGLIAR YI26R SEIR TISR.EAIR VATR, &6 - B724
’ R,G65R, T79R, DRV} GI38R, AT43RF
‘ MR NISZRY B4R : ) : .
Abll 2 S50R, S175R W7R, EI0R, L14R, Q21R, E43R,
T79R, N110R, T177R, V184R,
e x K185A
CABIG 2 A49k, S50, FF0R, ST75R, S181i . KA, GSR, WIR, EI0R, Li4R,
f 115R: QZIR, YZ6R, B43R, TT9R,
MOOR, K109A, N110R, T124R,
Do Do K143A, THTTR, VIS4R, K 1854
Ab29 3 NIIR, V47R, S50R, Y67R, N83R, VI04R,
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[606481] Soluble ST2 protein (domains 1-3 containing amino acids 19-322 of SEQ ID
NO:1) with both FLAG-tag and His-tag on the C-terminus was transiently expressed in
mammatian 293-6F cells and purified with IMAC (immobilized metal ion affinity
chromatography) and further purified by preparative SEC (size exclusion chromatography). The
protein was then concentrated to 3.5 mg/mL using ultra-filtration. ST2 antibody Ab2 was
expresscd in engineered CHO-CS9 cells and purificd with protein A affinity chromatography
followed by preparative SEC. Analytical SEC was used to determine that a 0.75:1.00 molar ratio
of antibody:antigen was optimal to ensure that the ST2 protein is fully bound to the antibody.
Both the free ST2 protein and the antigen-antibody complex were stored in PBS buffer, pH 7.2.
[60482] The HDX experiment was performed on an automated HDX system (Zhang,
Zhang et al. 2012). Briefly, the H/D exchange process starts with diluting SuL of either the free
ST2 protein solution (3.5 mg/mL) or ST2-antibody complex (with jST2 concentration of 3.5
mg/mL, antigen:antibody ratio of 1:0.75) into 25 uL D0 buffer in 100mM PBS, pH 7.2, which
was prepared by dissolving PBS tablet in D»0O water, at 25 °C. The exchange reaction was
allowed to insubate for various labeling duration (30 seconds, 2, 8, 30 min, and 2, 8 hours} for
each HDX experiment, and the labeling reaction was quenched by mixing 20 pL labeling
solution with 80 pL quenching/denaturation/reduction buffer (7.25 M urea and 625 mM tris(2-
carboxyethylyphosphine (TCEP), 0.45M glycine, pH 2.7) at 1°C.

[060483] A 40 uL aliquot of quenched solution was transferred into 120 pL 0.4 mg/ml
porcine pepsin (Sigma, St. Louis, MO) solution. The digestion solution was immediately
injected into a sample foop at 1°C and stayed 6 min for full digestion. Furthermore, the digest
was separated by C18 columms (3 columns in series, BEH C18, 2. 1mmx5mm, Waters Corp.,
Milford, MA). The HPLC separation was performed at 1°C with a 5-min ACN gradient of 1-
40%. The LC eluant was analyzed by an Orbitrap Elite mass spectrometer (Thermo Scientific,
San Jose, CA) in a data~dependent LC-MS/MS experiment.

[66484] Deuterium labeling, quenching, proteolytic digestion and injection were
performed on a LEAP HD-X PAL system controlled by LEAP Shells (LEAP Technologies,
Carrboro, NC).

[60485] The experiments were repeated three times and in each experiment, each time
point was repeated twice. A standard peptide mixture was added to the samples to track and
correct back-exchange variability. The mixture contains these three peptides: bradykinin,
angiotensin I, and leucine enkephalin. A specially designed tetrapeptide PPPI (synthesized by
AnaSpec, Fremont, CA) was used as second internal standard to minimize run to run variability.

Digest of ST2 protein without H/D exchange was also analyzed as control.
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[00486] The resulting data files were processed with the MassAnalyzer program (Zhang,
Zhang et al. 2012). The software identifies peptides from the antigen digest, calculates the
exchange rate of each peptide, corrects for back-exchange information obtained from the internal
standards, and fits the data into a model that gives protection factors to each residue.

[00487] Comparison of the exchange profiles between free §T2 and antibody-bound ST2
protein revealed two regions of interest and could be the potential epitope. The two regions in
the ST2 sequence were refined to IVRCPRQGKPSY (amino acids 33-44 of SEQ ID NO:1
corresonding to amino acids 15-26 of mature ST2) and IVRSPTF (amino acids 88-94 of SEQ ID
NO:1 corrsponding to amino acids 70-76 of mature ST2) by multiple overlapped peptides. These
regions were less protected when ST2 is in the free-state, while the exchange rate decreases
dramatically upon binding of ST2 and the antibody. Furthermore, based on §T2 homology
structure model shown in Figure 6, these two sequence stretches occupy similar spatial locations
on the exterior surface of the protein. These results lead to the conclusion that the two peptides
are involved in the binding between Ab2 and ST2 protein.

EXAMPLE 13: X-ray Crystallography

{00488] In this Example, the crystal structure of the complex of an sc-dsFv fragment of
Ab2 and ST2 provides the specific amino acid residues in the interaction interface.

[06489] Ab2 sc-dsFv was expressed in BL2 W(DE3) Star cells, Briefly, the Ab2 sc-dsFv
contains the heavy chain variable domain connected to the lght chain variable domain by a
linker (G4S)s. To further stabilize the molecule, a disulfide bond was engineered into the
molecule by mutating to cysteine position 44 of the heavy chain variable region and position 101
of the light chain variable region. The protein was expressed as an inclusion body. The
inclusion body was solubilized and refolded. Protein was further purified on size exclusion
column (SEC) and ion- exchange MonoQ column, and then polished on SEC .

[00490] ST2 was expressed in 2935 cells. The protein was purified by Ni-affinity column
and deglycosylated with EndoH. Protein was further purified on SEC.

[60491] The complex of Ab2 sc-dsFv and ST2 was formed by mixing Ab2 sc-dsFv and
excess ST2. The complex was purified on SEC and concentrated to 12 mg/ml for crystallization.
The protein compliex was crystallized in 32-36% PEG400 and ¢.1 M Hepes, pH 7.5-8.5, at 16 °C
using sitting drop vapor diffusion method.

[06492] A 1.9 A resolution dataset was collected at the Advanced Light Source, Lawrence
Berkeley National Lab (Berkeley, CA). The data was processed with MOSFLM (Leslic, 1992)
and scaled by SCALA in CCP4 program suite (Collaborative Computational Project, No 4.

(1994)). The structure was solved by molecular replacement method with program PHASER
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(McCoy et al., 2007) using the D1D2 domain of the published structure of IL-1RII (pdb code:
3040) and the variable domain of the Fab structure of Ab2 as search models. Tterative structure
refinement and model building were carried out in with REFMAC3 (Murshudov et al., 1997) and
COOT (Ernsley and Cowtan, 2004).

{06493] The interface analysis was carried out with program PISA, AREAMOL and
NCONTACT in CCP4 package. The figures were prepared with Pymol (The PyMOL Molecular
Graphics System. Schrédinger.

[88494] The crystal structure of the ST2/Ab2 sc-dsFv complex was solved to a resclution
of 1.9 A. There are two independent pairs of ST2/Ab2 sc-dsFv complexcs in the asymmetric
unit (F1G. 7). Each complex consists of one ST2 molecule and one Ab2 sc-dsFv fragment. The
ST2 molecule is made of two 1gG-like domains (D1 and D2 domain). The Ab2 Fv domain
utilizes all six CDR loops of the heavy chain and light chain to interact with the ST2 molecule
(FIG. 8). For 8T2, two loops (loop BC and loop FG) and the N-terminus of ST2 make direct
interactions with the antibody. The fotal buried solvent accessible surface area between ST2 and
Ab2 sc-dsFv is 1803 A%, ;

[00495] The interface between ST2 and Ab2 is highly charged. ST2 possess a cluster of
basic residues (Lys and Arg) in the D1 domain. This positive-charged surface patch
complements the negative-charged patch on Ab2 formed by clusters of acidic residues (Asp and
Glu) in the CDR regions (FIG. 9).

100496] Two different methods were used to define the interface residues, In the first
method, the interface residues were defined using solvent exposure difference. The solvent
accessible surface area of each residue in ST2 (or Ab2 sc-dsFv) in the complex was calculated
and compared to the solvent accessible surface area of the corresponding residues in ST2 (or Ab2
sc-dsFv) stripped from complex.  All amino acids with difference greater than 10% are listed in
Table 15 and Table 16 for ST2 and Ab2, respectively. The surface exposure differences of
Arg72 and Tyr81 of ST2 are less than 10%. However, inspection of the complex structure
revealed that both residues form water-mediated hydrogen bonds with Ab2 heavy chain residues

and hence they are included in the List.
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Table 15. Epitope residues as defined by solvent exposure differences: ST2. Residue numbers
correspond to the position of the amino acid in mature ST2, i.¢., amino acid 1 corresponds to
amino acid 19 of SEQ ID NO:1.
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Table 16. Paratope residues as defined by solvent exposure differences: Ab2

ASAIn complex ASAinapo | ratip percentage changs
. 851 1052 L0809 ¢ 18
50.9 : 76.6

[00497] In the second method, interface residues were selected that have at least one atom
within a predefined distance to its partner protein. Two shells were defined based on different
distance cutoff.

[66498] Core shell includes all residues with distance up to 5.0 A,

[060499] Boundary shell includes all residues with distance longer than 5.0 A but shorter
than 8.0 A.
[66508] The complete list of amino acid residues in each shell for 8T2, the heavy and light

chain of Ab2 are shown in Tables 17, 18 and 19, respectively. For residues that make hydrogen
bond or salt bridges with its partner protein, the type of apecific interactions are denoted in

parenthesis after the residue (HB for hydrogen bond and SB for salt bridge).
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Table 17. Epitope residues defined by distance cutoff: ST2. Residue numbers correspond to the
position of the amino acid in mature ST2, i.e., amino acid 1 corresponds to amino acid 19 of SEQ

IDNO:L
Core (0- 5 A) Boundary (5 -8 A)

24(PRO)

28(VAL)
HITYR)
68(THR)

80(GLY)

79(THR) (HB5
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Table 18, Paratope residues defined by distance cutoff: Ab2 heavy chain.
boundary (5 -8 A)

108(LEU)

Table 19. Paratope residues defined by distance cutoff: Ab2 light chain.
core (0 -5 A) boundary (5 - 8 A)

29(JLE)

49(TYR) " 52(SER)

56(THR) 89(GLN)

92(ASP) (HB/SB) 95(PRO)
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[60501] Epitope residues that were defined by solvent exposure differences match residues
of the core interaction groups defined by distance cut-off. Table 20 lists all hydrogen bond and
salt bridge pairs within the interface.

Table 20 Interaction pairs in the interface

ADb2 Light Chain ~ ST2 Ab2 Heavy Chain — ST2
Hydrogen Bonds Hydrogen Bands
(3 2] Structere 1 | Dist. | Structure 2 £ | structure 1 | pist, | structurs 7
1| L:ASN 31 [ ND2] | 3.4 | BR:BRG 20 [ O ] 1] EsTYR 165 [ M 1} 3.3 | RASN 7T L O ]
2} JaGLR 85 [ OBL} 1 2,7 | AsLys 1 [ N2 ] 2 L Hi1SER 102 { O ] | 2.6 | MmN 77 [ Wp2)
3] LzASP B0 [ ODZ) | 2.6 | A:ARG 20 [ WE ] 3 U E:SER 103 [ O 1 2.7 | A:THR 79 [ o1l
4 [ L:ASP S0 [ ODL] | 3.0 | A:ARG 20 [ NH2] 4 | H:BRSP 104 [ ODRY f 2.7 b Bur¥S 1 0 W I
5 ) L:ASP 28 [ @ 1 | 2.9 1 A:LYS 23 [ Nz ) 5 | H:ASP 104 [ OD2] | 2.8 | A:THR TS [ B ]
6 L:ASP 92 [ OD1] | 2.9 | A:Lys 23 [ Nz ) € 1 HiASP 104 [ ODZ) | 2.5 | BA:ERE 20 [ WEH1]
7 | L:ASP 92 [ ODI] | 3.3 | AtTYR 26 [ CH ] 70 HiTYR 105 [ O 1 | 2.8 | AARG 20 | NHZ)
8 | LrA&P 9L [ O ) | 2.7 | AsTHR 75 [ QGL} R ¢ ) -
9 | L:aSP 9t { ¢ J i 3.6 | A:ARG 78 [ NH2) Salt Bridges
10 | L:ASP 91 1 OD2] | 3.0t R:ARG 78 [ NE2) —— N . -
m-t ! e £ Structure 1 | Dist. | structure 2
B8alt Bridyes : [T
——— T - 1 ) HiASP 104 [ opl) ¢ 2.7 | ALY LN 1
|33 Structure 3 ] Dist, | Structure 2 2 | H:ASP 104 [ QD2] | 3.2 | AL¥s 1 I[N )
- * 3 ) H:ASP 104 [ OR2} } 2.9 | AR:arRG 20 [ NHI)
1} LeGLU 5% [ OB} | 2.7 | AsLYs 1 [ N2 e ¥ t +
2 | L:6LU 55 [ OB2} | 3.6 | A:L¥S 1 [ N2 )
3 ( L:ASP S50 [ OoDIl t 3.8 | A:ARG 20 [ NE ]
4 | L:aSP 50 [ OD2) | 2.8 | B:BRG 20 [ WB}
5 ) L:asy 50 [ obl] § 3.0 | AIARG 20 [ wWH2J
6 1 L:aSP 50 [ ob21 1 3.4 1 A:ARG 20 { NH2]
71 L;ASP 82 [ ODP2] 1 3.4 1 A8 23 [ w2}
6 | Liasp 82 (ODIl | 2.8 | Awxs 23 [ mz |
5 1 L:aSP 9% [ OD21 { 3.0 | A:ARG 78 [ NHZ}
. ' I

[68502) The ST2 epitope regions obtained from HDX-MS analysis of Example 12 are
confirmed by the crystallograpby data. The two epitopes (15-26 and 70-76) from HDX were
identified as epitopes in the higher resolution crystaliography data. Specifically, Arg20, Gly22,
Lys23 and Tyr26, as well as Thr75 were identified to be close to the antibody with a distance of
less than 3.4 A. Additional residues that were identified to have a distance to the antibody
between 3.4 and 5 A (Prol9, Gin21, 11e70, Val71, Arg72, Ser73 Pro74 and Phe76) were also
covered in the HDX epitopes.

{66593) Overall, the results confirmed that ST2 epitope regions obtained from both HDX-
MS and crystallography are consistent. The BC loop and FG loop in Domain 1 (see

crystallography data) are the main interaction sites,
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‘What is claimed:

1. An isolated ST2 antibody comprising a light chain variable domain that comprises an
LCDRI as set forth in SEQ ID NO:107; an LCDR2 sequence as set forth in SEQ ID NO:118;
and an LCDR3 sequence as set forth in SEQ ID NO:129; and a heavy chain variable domain
that comprises an HCDR1 as set forth in SEQ ID NO:41; an HCDR2 sequence as set forth in
SEQ ID NO:52; and an HCDR3 sequence as set forth in SEQ ID NO:63.

2. The ST2 antibody of of claim 1, wherein the antibody specifically binds human ST2
with an affinity of less than or equal to 1 x 10710 M.

3. The ST2 antibody of either of claims 1 or 2, wherein the antibody inhibits binding of
buman ST2 to human I1.-33.

4. The ST2 antibody of any of claims 1-3, wherein the antibody reduces human IL-33-

mediated ST2 signaling in human ST2-expressing cells.

5. The ST2 antibody of claim 4, wherein the antibody inhibits binding of cynomolgus
monkey ST2 to cynomolgus monkey IL-33.

6 The ST2 antibody of claim 5, wherein the antibody reduces IL-33-mediated

cynomolgus monkey ST2 signaling in cynomolgus monkey ST2-expressing cells.
7. The ST2 antibody of any of claims 1-6, wherein the antibody is a human antibody.

8. The ST2 antibody of claim 7 comprising a light chain and a heavy chain, wherein the
light chain comprises the amino acid sequence set forth in SEQ ID:85 and the heavy chain
comprises the amino acid sequence set forth in SEQ ID NO:19.

9. An isolated nucleic acid encoding an antibody of any of claims 1-8.

10.  An isolated nucleic acid encoding a light chain variable domain and a heavy chain

variable domain of an antibody of any of claims 1-8.
11.  An expression vector comprising the isolated nucleic acid of any of claims 9-10.

12. A recombinant host cell comprising an isolated nucleic acid of any of claims 9-10

operably linked to a promoter.
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13, The recombinant host cell of claim 12, wherein the host cell secretes an antibody that
binds ST2.

14, The recombinant host cell of any of claims 12-13, wherein the cell is of mammalian

origin,

15.  The recombinant host cell of claim 14, wherein the cell is a Chinese hamster ovary

(CHO) cell line.

16.  Use of a ST2 antibody of any one of claims 1-8 in the manufacture of a medicament

for treating an sutoimmune or inflammatory disorder to a patient in need thereof,

17, The use of claim 16, wherein the antibody comprises a light chain variable domain
amino acid sequence as set forth in SEQ ID NO:96 and a heavy chain variable domain amino
acid sequence as set forth in SEQ ID NO:30,

18 The use of claim 17, wherein the antibody comprises a light chain amino acid
sequence as set forth in SEQ 1D NO:85 and a heavy chain amino acid sequence as set forth in
SEQ ID NO:19.

16, The use of any of claims 16-18, wherein the antibody inhibits binding of 11.-33 to
ST2.

20, The use of claim 19, wherein the avtoimmune or inflammatory disorder is asthma,
atopic dermatitis, chronic obstructive pulmonary disease, pulmonary fibrosis, sepsis and
trauma, systemic lupus erythematosus, inflammatory bowel disease, rheumatoid arthritis,
sclerosis, Wegener's granulomatosis, Behchet disease, cardiovascular disease, rhinosinusitis,

nasal polyposis, or eosinophilic bronehitis.

21. A method of making an 872 antibody, the method comprising:
a) culturing a recombinant host cell of any one of claims 12-15; and

b) isolating the 812 antibody from said culture.

22.  Anisolated ST2 antibody comprising an ST2 antibody of any of claims 1-8.
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23.  The isolated ST2 antibody of claim 22, wherein said ST2 antibody binds an ST2
comprising amino acids 19-322 of SEQ ID NO:1 within amino acids 33-44 or 88-94 of SEQ
ID NO:1 as determined by hydrogen/deuterium exchange analysis.

24.  The isolated ST2 antibody of claim 23, wherein said ST2 antibody binds within amino
acids 33-44 and 88-94 of SEQ ID NO:1 as determined by hydrogen/deuterium exchange

analysis.

25.  The ST2 antibody of claim 7, wherein the antibody comprises a light chain variable
domain amino acid sequence as set forth in SEQ ID NO:96 and a heavy chain variable

domain amino acid sequence as set forth in SEQ ID NO:30.

26.  The use of claim 20, wherein the autoimmune or inflammatory disorder is asthma or

chronic obstructive pulmonary disease.
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Thr

285

Tyt

Arg

Ile

Ile

Ala

365

val

val

Cys

ASp

Ile

445

Glu

va'l

Ala

Thr

Asn

Glu

270

val

Asp

Leu

Ala

Ley

350

Lys

e

Glu

Gly

val

430

Phe

GIn

Ile

Glu

Gly

Gly

Ley

Cys

Ser

val

335

Lys

Pro

Tyr

TYP

Tyr

415

vai

Glu
Laeu
Ala
495

Lys

ASn

Gin

Arg

Leu

320

Cys

Thr

Tyr

Pro

Phe

400

Thr

Thr

Leu

val

Ile

480

Leuy

Trp



Arg Glu Asp His val ala Asn
515

Lys His val Arg Tyr Gln Met
530

535

Ala Ser Ser Leu Thr Ser Leuy

545

<210>
<211>
<212>
<213>

<400>

5
570
PRT

550

Macaca fascicularis

5

Met Thr Leu Leu grp Cys val
1

Gln

Arg

Leu

Gly

65

Glu

ASpP

Thr

Leu

Pro

145

Pro

Trp

Ser

GlIn

phe

50

Leu

Pro

val

cys

Glu

130

val

ASN

Tyr

Asp

e

35

Glu

Thr

Iie

Leu

Met

115

vatl

His

val

Met

Ala
20

Gin
His

Leu

Asn

val

Lys

Asp

Gly

Ser

val

Phe

ile

rhe

85

Phe

Arg

Glin

Leu

Gly

Cys

Glu

Phe

Leu

Trp

70

Arg

Alg

AsSn

LyS

TYr

Tyr

Tyr

Arg

Glu

LysS

55

Tyr

Leu

Pro

Thr

Phe

Lys

Lys
520

Pro

Ala

val

Cys

ASp

40

Phe

Trp

Pro

Thr

Thr
120

ser

Glu

Pro

Ile

AL712WOPCT. ST25

Arg Ser Leu Asn sSg Lys pPhe Trp
5

val

Ala

ser

ASp

25

Glu

Asn

Thr

Glu

Leu

105

Tyr

Cys

Tyr

ser

Gln
185

Pro ser

GIn Lys

Leu Tyr
10

Asp Trp

Pro Ala

Tyr Ser

arg Gln
75

Ash Arg
a0

l.eu Asn

Cys Ser

Phe Asn

Gly Tle

155

Ser val
170

Asn Phe

Page ©

LyS Met Pro Arg Lys

540

Gln

Phe
Gly
Arg
Thr
60

ASD
Ile
ASp
Lys
Ser
140
Gin

Lys

AsSn

Tyr

Leu

Ile

45

Ala

Arg

ser

Thr

val

125

Pro

Arg

Pro

ASn

Gly

ASP

30

Lys

His

Asp

LYS

Gly

Ala

Met

Ile

Thr

val
190

e

15

Thr

Cys

Ser

Leuy

Glu

95

Asn

Phe

WE

Thr

Ile

175

Ile

L.eu

Met

Pro

Ala

Glu

80

Lys

Tyr

Pro

Leu

160

Thr

Pro



Glu

Asn

Leu

225

val

Glu

Leu

Pro

Ser

305

val

Ala

Ala

Leu

Met

385

Asp

Glu

Phe

Ile

Gly

Tyr

210

Thr

Pro

Pro

Met

ASp

290

Arg

Thr

Lys

Pro

Leu

370

val

Gly

Glu

Gly

val
450

Met

195

Thr

Arg

Prao

Gly

Asp

275

Asp

Thr

Ser

aly

Arg

355

val

Leu

Lys

Glu

Tyr

435

Thr

Asn

Cys

Thr

val

Glu

260

Ser

Ite

Glu

Glu

Glu

340

Tyr

val

Phe

Glu

Phe

420

Lys

ASp

Leu

val

Leu

Tle

245

Glu

Arg

Pro

ASp

ASp

325

val

Thr

Ite

Tvr

Tyr

val

Leu

Glu

ser

val

Thr

230

His

Leu‘

ASN
Ile
Glu
310
Leu
AWa
val
Leu
Arg
390
Asp
Leu

cys

Thr

Thr

215

val

Ser

Ley

Glu

Asp

295

Thr

Lys

Lys

Glu

Ile

375

Ala

Ile

Leu

Ile

Leu
455

Leu

200

Tyr

Lys

Pro

Ile

val

280

val

Arg

Arg

Ala

Leu

360

val

His

Tyr

Thr

Phe

440

Ser

ALl712WOPCT_ST2S
Ile Ala pPhe Ile Ser

Pro

val

AsSh

Pro

265

Trp

Thr

Thr

Ser

Ala

345

Ala

val

Phe

val

Leu

425

ASP

Phe

Glu

val

ASD

250

Cys

Trp

Ile

Gin

TYyr

Thr

cys

Tyr

Gly

Ser

410

Arg

Arg

Ile

Asn
Gly
His
Thr
Thr
Ash
Ile
315
val
val
Gly
His
Thr
395
Tyr
Gly

ASD

Gln

Gly

220

Ser

val

val

Ile

300

Leu

Cys

Lys

Phe

val

380

AsD

Ala

val

Ser

Lys

Page 10

205

Arg
Pro
val
Tyr
ASp
Ser
Ser
His
Gin
Tyr
Glu
Arg
Leu
Leu

445

Ser

ASTI

Thr

Lys

Tyr

Phe

270

Gly

Ile

Ite

Ala

Trp

Thr

AsSn

Glu

430

Pro

Arg

ASn

phe

ASh

RS

ser

LyS

Arg

335

val

Thr

Leu

Ile

Ala

415

Asn

Gly

Arg

Gly

Hig -

Ala

240

Lys

Phe

Lys

His

Pro

val

Leu
400
Glu
Glu

Gly

Leu



Leu
465
Leu
Asn
Glu
Glu
Ala
545

Gly

val

Glu

val

lLeu

Lys

Met

Leu

<210>
<211>
<212>
<213>

<400>

va'l

Leu

Ile

Lys

ser

Pro

ser

6

270
PRT
Macaca Tascicularis

6

Leu

Lys

Leu

500

Arg

Lys

val

Tyr

Met Lys Pro Lys
1

Arg

Gln

sSer

Thr

65

val

Gly

Ile

Tyr

Lys

Gn

Gly

50

Lys

Leu

Ile

Thr

Asn

Asn

Arg

Ala

Ser

Thr

20

Ala

Met

Pro

Ala

Gln

ser
Ala
485
val
Ala
Tyr

Lys

Ser
565

Met
5
Ala
Lys
Ile
ser
cys
85
val

Ser

ser

Pro

470

Gly

Gin

Lys

Pro

Lys

ser

Glu

Lys

Leu

70

Gn

Pro

Pro

Ile

Asn T

Leu

TYF

Thr

Gln

Ser

l.eu

Tyr

Lys

val

Lys

55

Lys

Gln

Lys

Ile

Thr

Glu
LYyS
va’l
520
Gly

Pro

Lys

Ser
Ala
Cys
Glu
Thr
Gln
TYr
Thr

120

Phe

A1712WOPCT_ST25

Asn

Ala

505

Leu

Arg

Arg

Asnh

Thr

Ley

25

His

Ala

Gly

Ser

Thr

105

Glu

Ala

Met

490

val

Thr

Phe

Arg

val
570

Asn
10

Cys
val
Cys
Gly
Thr
S0

Arg

Ser

Ala

Lys

val

Trp

ser
555

Lys

Phe

Tyr

Tyr

Lys

val

ala

Ley

Ser

Glu

Ile

Lys

ser

Ile

Lys

Phe

phe

60

His

Glu

Le

Ala

Leu Glu Asp
rpage 11

‘val Leu Gin Gly Thr
475

Gln

Thr

LYS

525

GIn

ser

Ser

Leu

Met

45

Arg

Lys

Cys

His

Ser

125

Glu

Gly
LyS
510
Trp

Leu

ASp

Thr

Gly

30

Lys

Arg

Gly

Phe

110

Leu

Ser

Ala

AsSn

495

val

Lys

Gin

Glu

Ala

15

Lys

Leu

Glu

His

Ala

95

ser

ser

Tyr

Leu

480

Ile

Lys

Gly

val

Gln
560

Lys

Ser

Arg

Thr

Leu

80

Phe

Ser

Thr



=
Wt
<

Ile val

145

Tyr

Leu Ser Tyr

val Asp Gly

Gln
195

Trp Leu

Glu Lys Pro

210

Phe Cys

225

Asn

Gly val Lys

Asn Leu Gly

<210> 7

<211> 1332
<217> DNA
<213> Homo

<400> 7
Cagytecaac

tectgcaagy
cctggaaaag
gcacagaagt
atggagctga
agcagtyggcec
accaagggec
geggeectgg
tcaggeycte
tactccctea
tgcaacgtag
totgtcgagt
cccecaaaac

gtggacgtga

Glu Asp

Glu
165

Tynr

Met

AsSh

Pro

Leu

val

ser

Asn
245

Asp

Ser Glu

260

sapiens

tggtacagte
ttteccggata
ggcttgagty
tccagggeag
gcagectgag
tctttgacta
catcggtett
getgectggt
tgaccagegg
gcagegtggt
atcacaagcc
gcccacegty
ccaaggacac

gccacgaaga

Leu

150

Ser

Leu

Asn

Asp

phe

230

His

Asn

AL712WOPCT._ST25

135

Lys Lys ASp Lys LyS
155

GIn His Pro Ser Ser

170

Thr
185

Met val Leu Ser

Glu His val

200

Lys ser

Gin Ala Phe Phe val

215

Glu Cys Lys Thr Asp

235

Ite
250

Leu Ala Leu Lys

Phe
265

Ile Leu Lys iLeu

tggggcrgagy
cacccteact
gatgggaggt
agtcaccatg
atctgaggac
ctggggccag
CCCectggcy
caaggactac
cgtgcacacc
gaccgtgeec
cagcaacace
cccageacca
ccteatgatce

cceegaggte

gtgaagaagc
gaattatcca
tttggtccty
accgaggaca
acggcegrgt
ggaaccctgg
ccetgeteca
ttccecgaac
ttcecagety
tccagcaact
aaggtggaca
cctgtggeag
tcecggacce

cagtrcaact

140

Lys AsSp Lys

Glu ser Gly

Pro Thr

Glu Leu

205

Leu His Asn

220

Pro Gly val

val Asp His

Ile
270

Ser Glu

Ctggggecte
tacactgggt
aagatggtga
catctacaga
attactgrac
tcaccgtete
ggagcaccte
cggtgacggt
tcctacagtc
Tcggeaccea
agacagttga
gaccgtcagt
ctgaggtcac

ggtacgtgga

page 12

val Leu

160

Gly
Asp Phe
LYS Cys
ser

Arg

Ile
240

Phe

ser Glu

255

agtgaaggtc
gcgacaggct
aacaatctac
cacagcctac
aacagaggat
ctcagetage
cgagagcaca
gtcgtggaac
cteaggactc
gacctacacc
gcgcaaatgt
crrectette
gtgcgrggtg
cggcgtggag

60
120
180
240
300
360
420
480
540
600
660
720
780
840



gtgcataatg
agegtectea
tccaacaaag
cgagaaccac
agcctgacct
aatgggcage
ttetrtectcet
teatgctoeg
totecgggta
<210>
i
<213>

<400> 8
gaggtgcagc

teetgtaagg

DNA

cccgggaaay
agceegrect
ctgcagrgga
acctegteeg
tcagctagea
gagagcacag
tcgtggaact
tcaggactct
acctacacct
cgcaaatgtt
Ttectettee
tgcgtagtgg
ggcgrggagg
cgtgtggtca
tgcaaggtct
gggcagecee
aaccaggtca
tgggagagca
gacggctcct

ccaagacaaa
ccgttgtgea
geceteecage
aggtgtracac
gecetggteaa
cggagaacaa
acagcaagcet
tgatgcatga

aa

8
1341

Homo sapiens

tggtgcagtc
gttctggata
gcetggagty
tccaaggeca
gcagcctgaa
actactacgg
ccaagggecc
cggeectygg
caggcgetct
actcecteag
gcaacgtaga
gtgtcgagtyg
ccccaaaacc
tggacgtgag
tgeataatgc
gegtecteac
ccaacaaagg
gagaaccaca
gcctgaccety
atgggcagec

tettecteta

gccacgggag
ccaggactygg
cceecategag
cctgeeccca
aggcttctac
ctacaagacc
caccgtggac

ggctctgeac

tggagcagag
cagcttrace
gatggggatc
ggtcaccatc
ggccteggac
tctggacgte
atcggrettce
ctgectggte
gaccagegge
cagegtggtg
tcacaagece
ccecacegtge
caaggacace
ccacgaagac
caagacaaag
cgttgtgeac
cctececagec
ggtgtacacc
cctggtcaaa
ggagaacaac

cagcaagctc

Al712WOPCT_ST25

gagcagttca
ctgaacggea
aaaaccatct
tcecgggagy
ccecagegaca
acacctccca
aagagcaggt

aaccactaca

gtgaaaaagc
aactactgga
atctatcctg
tcagecgaca
accgecatgt
tggggccaay
cceetggege
aaggactact
gtgcacacct
accgtgeect
agcaacacca
ccageaccac
ctcatgatct
ccegaggteo
ccacgggagg
caggactgge
cccategaga
ctgceeccat
ggcttetace
tacaagacca

accgtggaca

acagcacgrt
aggagtacaa
ccaaaaccaa
agatgaccaa
tcgecgtgga
tgctggacte

ggcagcaggy
cgeagaagay

ceggggagtc
tcggetggygt
gtaactctga
agtccatcac
attactgtgc
ggaccacggt
cctgetecag
tcceegaace
tcccagetgt
ccagcaactt
aggtggacaa
ctgtggcagg
cceggaceee
agttcaactg
agcagttcaa
Tgaacggcaa
aaaccatcte
cccgggagya
ccagcgacat

caccteceat

agagcaggrg

pPage 13

ccgtgtggte
gtgcaaggtc
agggcagcec
gaaccaggtc
gtgggagagce
cgacggetec
gaacgtctc

ccteteecty

tetgaagate
gcgecagatg
taccagattc

caccgeetac

gagacatggt -

caccgtctee
gagcacctec
ggtgacggtg
cctacagtec
cggcacccag
gacagttgag
accgtcagtc
tgaggtcacy
gracgtggac
cagcacgtte
ggagtacaag
caaaaccaaa
gatgaccaag
cgcegtggag
gctggactce
gcagcaggag

900

960
1020
1080
1140
1200
1260
1320
1332

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1340
1200
1260



aacgtettet

ctcteectgt

<210>
<211>
<212>
<213>

<400> 9
gaggtgeage

tectgtgeag

DNA

ccaggaaaaa
ggctcegtga
caaatgaaca
ggctacaatt
tecteageta
tccgagagea
gtgtegtygga
tcecteaggac
cagacctaca
gagcgcaaat
gtcttectet
acgtgegtgg
gacggcgrgg
ttcegtygtag
aagtgcaagy
aaagggcage
aagaaccagg
gagtgggaga
TCcgacyyct
gggaacgtct
agcctetece
<210>
<211>
<212>
<213>

<400> 10
caggtccage

10
DNA

tcotgegagg

1329

catgetecgt

ctecegggtaa

9
1344

Homo sapiens

tggtggagtc
cctetggatt
atctggagtg
agggccgatt
gcctgagage

acgactacta

.gcaccaaggy

cagcggeect
actcaggege
tctactcect
cctgeaacgt
grtgtgtega
tcceeccaaa
tggtggacyt
aggtygcataa
tcagegtect
tctecaacaa
cccgagaace
tcagectgac
gcaatgggca
cetretrtect
tetcatgete

tgretecggy

Homo sapiens

tggtacagtc
tttceggatt

gatgcatgag

a

tgggggagyc
cacctteagt

ggtetcaget
caccatctee
cggggacacy
cggtatagac
ccecatcggte
gggctgectg
tcrgaccage
cagcagegtg
agatcacaag
gtgcccaccy
acccaaggac
gagccacgaa
tgccaagaca
caccgttoty
aggcctecca
acaggtgtac
ctgectggte
gccggagaac
ctacagcaag
cgtgatgeat

taaa

tggggctgag
catccteact

getetgeaca

ttggtacage
acctacgaca
attgatcttg
agagaagatg
getgtgtatt
gtctggggee
ttceceeetgg
gtcaaggact
ggcgtgeaca
gtgaccgtge
cccagcaaca
tgcecageac
accctcatga
gaccccgagg
aagccacggg
caccaggact
gcccecateg
accetgeeee
aaaggcttct
aactacaaga
ctcaccgtyg

gaggctotge

gtgaagaagc

gaattatccg

AL712WOPCT .ST25

acgactacac

ctggggggtc
tgcactggat
ctggtygacac
ccaagaactc
actgtgeaag
aagggaccac
cgeeetgcte
acttecccga
ccrteccage
cctecageaa
ccaaggtgga
cacctgtygge
teteecggac
tccagttcaa
aggagcagtt
ggetygaacgg
agaaaaccat
catceccggga
accccagega
ccacacctee
acaagagcag

acaacecacta

ctggggeetc
tgaactgggt

Page 14

gcagaagagc

cctgagactc
ccgeecaaget
atactatcca
ctrgtatcrt
agggggagat
ggtcaccgtc
caggagcacc
accgytgacy
tgtcctacag
cttcggeace
caagacagtt
aggaccgtca
ccctgaggte
ctggracgtg
caacagcacy
caaggagtac
ctccaaaace
ggagatgacc
catcgeegty
catgctggac
gtggcageag

cacgcagaag

agtgaaggtc

gcgacagget

132C
1341

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1344

60
120



cctggaaaag
gcacagaagt
atggagctga
gactttcact
aagggcccat
geoetggget
ggcgetctga
tcectcagea
aacgtagatc
gtcgagtgec
ccaaaaccca
gacgtgagece
cataatgcca
gtcctcaccy
aacaaaggcc
gaaccacagg
ctgacctgec
gggcageegg
ttectetaca
tgctcegtga
ccgggtaaa

<210>
<211>
<212>
<213>

<400> 11
gaggtgcagt

tectgtgeay

11

DNA

acagggaaag
gactcegtga
caaatgaaca
ggtgactttt
tcagetagea
gagagcacag
tcgtygaact

tcaggactct

ggcttgagtg
tecaggycag
gcageetgag
ttgacrrctg
cggtcttece
gecrggreaa
ccageggegt
gcgtggtgac
acaagceecag
caccgtgeee
aggacaccct
acgaagaccc
agacaaagcc
ttgtgcacca
tcecagecee
rgtacaccct
tggtcaaagg
agaacaacta
gcaagercac

tgcatgaggc

1341

Homo sapiens

tggtggagtc
cctetggatt
gtctggagty
agggccgatt
ccetgagage
attattacgg
€Caagggeee
cggcectggy
caggcgetet

acteeeteay

gatgggaggt
agtcaccttg
atctgaggac
gggcecaggaa
cetggegece
ggactacttc
gcacaccttc
cgtgeectee
caacaccaag
agcaccacct
catgatctec
cgaggtccag
acgggaggag
ggactggetg
catcgagaaa
gceeecatee
cttctacece
caagaccaca
cgtggacaag

tctgcacaac

tgggggaggc

caccttcagt
ggtctcaggt
caccatctec
cggggacacg
tttggacgtc
atcggtctte
ctgectggtc
gaccagcgygc

cagcgtogrg

A1712WOPCT_ST25

tttgatccty
accgaggaca
acggcegtyt
acccrggtea
tgcteccagga
cceogaaccyg
ccagetgtee
agcaacttcy
gtggacaaga
gtggcaggac
cggaccccty
ttcaactggt
cagttcaaca
aacggcaagg
accatctcea
cgggaggaga
agcgacatcy
ccteeceatge
agcaggtgge

cactacacgce

tgggtacage
agttatgaca
attgatactg
agagaaaatg
gctgtgtatt
tggggecacy
cceetggege
aaggactact
gtgcacacct

accgtgeecet

aagatggtaa
catctacaga
attactgtgc
cegretectc
gcacctecga
tgacggtgtc
tacagtccte
gcacccagac
cagttgagcg
cytcagtctt
aggtcacgtg
acgtggacgg
gcacgtteceg
agtacaagtg
aaaccaaagg
tgaccaagaa
ccgtggagtg
tggactccga

agcaggggaa
agaagagcct

ctggggggtc
tgtactgogt
ttggggacac
ccaagaactc
actgtgtaag
ggaccacggt
cctgetecag
tcecegaace
tcoccagetgt

ccagcaactt

page 15

aacaatctac
cacagcctac
aacatggtyg
agctageace
gagcacageg
gtggaactca
aggactctac
ctacacctge
caaatgttgt
cetetrtecce
cgtygtyyty
cgtggaggty
tgtggteage
caaggtctee
gcagecccga
ccagygtcage
ggagagcaat
cggctectte
cgtcttctea

ctecetgtet

cctgagactce
cegecaaget
atattatcca
cgtgtatett
aggcatctac
caccgtetee
gagcaccice
ggtgacggtg
cctacagtcce

cggcacccag

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1329

60
120
180
240
300
360
420
480
540
600



acctacacct
cgcaaatgtt
trectettec
tgcgtggtag
ggcgtyggagg
cgtgtggtca
tgcaaggtct
gggcageecc
aaccaggtca
tgggagagea
gacggctect
aacgtcttet
ctcteectgt
<210>
<211>
<21.2>
<213>

<400> 12
gaggtgcage

tcctgtgeag

12

DNA

acaggaaaag
ggcteegtga
caaatgaaca
ggctacaatt
tcetcageta
tcegagagea
gtgtcgtgga
tcctecaggac
cagacctaca
gagcgcaaat
gtettectet
acgtgegtgg
gacggegrgg
Ttecgtgtyy
aagtgcaagy

1344

gcaacgtaga
gtgtcgagty
ccecaaaace
tggacgtgag
tgcataatge
gcgreocteac
ccaacaaagg
gagaaccaca
gcctgaccty
atgggcagee
tecttecteta
catgcteegt

ctecgggtaa

Homo sapiens

togtggagtc
cctectggatt
gtctggagtg
agggccgatt
gcctgagage
acgactacta
gcaccaaggg
cagecggeect
actcaggege
tctactcect
cctgcaacgt
gttgtgtcga
tececccccaaa
tggtggacgt
aggtgcataa
tcagegtect

tctccaacaa

tcacaagece
cceacegtye
caaggacacc
ccacgaagac
caagacaaag
cgttgtgeac
ccteccagec
ggtgtacacc
cctggtcaaa
ggagaacaac
cagcaagcetc
gatgcatgag

a

tgggggaggc
caccrtcagt

ggtctcaget
caccatctee
cggggacacyg
cggtatagac
cceateggtc
gggetgectg
tctgaccage
cageagegty
agatcacaag
gtgcecacey
acccaaggac
gagccacgaa
tgccaagaca
caccgttgty

aggeetecca

AL712WOPCT_ST25

agcaacacca
ccageaccac
cteatgatct
ccegaggtec
CCacyygagg
caggactggc
cccatcgaga
ctgeeeecat
ggcrtotace
tacaagacca
accgtggaca

gctetgeaca

ttggtacage
acctacgaca
attgatcttyg
agagaagatg
gctgtgtatt
grctggggce
ttecceestyg
gtcaaggact
ggcgtgeaca
gtgaccgtye
cceagcaaca
fgcocageac
accctcatga
gacccegagg
aagccacggg
caccaggact

gcceccatcg

aggtggacaa
crgtggcagy
ceceggaccee
agttcaactg
agcagttcaa
tgaacggcaa
aaaccatctc
ccegggagga
ccagegacat
cacctcccat
agageaggtg

accactacac

ctgggggotc
tgeactgggt
ctggtgacac
ccaagaactc
actgtgcaag
aagggaccac
cgecectgete
acttccecga
cctteceage
cctecageaa
ccaaggtgga
cacctgtygge
tctcceggac
tccagttcaa
aggagcagtt
ggctgaacgg

agaaaaccat
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gacagttgag
accgtcagtc
tgaggtcacg
gtacgtggac
cagcacgttc
ggagtacaag
caaaaccaaa
gatgaccaag
cgeegtggag
gcrggactec

gcagcagoda
gcagaagage

ccrgagacte
cegecaaact
atactatcca
cttgtatctt
agggggagat
ggtcaccgtc
caggageace
accggtgacg
tgtectacag
ctteggeace
caagacagtt
aggaccgtca
ccctgaggte
ctggtacygty
caacagcacyg
caaggagtac

Ctccaaaacc

660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1341

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020



aaagggcagce
aagaaccagg
gagtgggaga
teecgacgget
gggaacgtct
agectereec
<210>
<211>
<212>
<213> Homo

<400> 13
gaggtgcagc

tcctgtygcag

i3
1344
DNA

acaggaaaag
ggercegtga
caaatgaaca
ggctacaatt
teetcageta
tccgagagea
gtgtcgtgga
tcctcaggac
cagacctaca
gagcgeaaat
gtecttectct
acgtgcgtag
gacggcgtag
ttecgtgtag
aagtgcaagg
aaagggcage
aagaaccagy
gagtgggaga
tcegacggct
gggaacgtct
agcctetece

<210> 14
<211> 1341

cccgagaacce
teagcctgac
gcaatgggea
cetrettect
tcteatgete

tgtctecygg

sapiens

tggtggagtc
cctetggatt
gtctggagtyg
agggecgatt
gcetgagage
acgactacta
gcaccaagygy
cagcggeect
actcaggege
tctacteect
cctgcaacgt
gttgtgtcga
tceccccaaa
tggtggacgt
aggtgcataa
tcagegtect
tctccaacaa
cccgagaacc
tcagectgac
gcaatgggca
ccrtettect
reteatgete

tgtctocggg

acaggtgtac
ctgcetggte
gccggagaac
ctacagcaag
cgtgatgeat

taaa

tgggggaggc
caccttecagt

ggtctcaget
caccatctec
cggggacacg
cggtatagac
cecatcggte
gggctgecty
tctgaccage
cagcagegtg
agatcacaag
gtgceccaccg
acccaaggac
gagccacgaa
tgccaagaca
caccgttgty
aggcetccca
acaggtgtac
ctgectggte
gceggagaac
ctacagcaag
cgtgatgeat

taaa
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accetgeece
aaaggcttct
aactacaaga
cteaccgtyy

gaggetctge

ttggtacage
acctacgaca
attgatctty
agagaagatg
gctgtgtatt
gtctggggec
ttececctyy
gtcaaggact
ggcgtgeaca
gtgaccgtgce
cccageaaca
tgeecageac
acccteatga
gacccecgagy
aagccacggg
caccaggact
gcccecatcey
accctgeeec
aaaggcttcet
aactacaaga
ctcaccgtgg
gaggcrergc

catcceggga
accecagega
CCacacctce
acaagagcag

acaaccacta

ctggggggtc
tgcactgggt
ctggtgacac
ccaagaactce
actgtgeaag
aagggaccac
cgcectgete
actteeecya
ccrtcecage
cctecageaa
ccaaggtyoa
cacctgtgge
teteceggac
tccagttcaa
aggagcagtt
ggctgaacgg
agaaaaccat
catcceggga
acccecagega
ccacacctee
acaagagcag

acaaccacta
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ggagatgacc
catcgeegtg
catgctggac
gtggeageag

cacgeagaag

cctgagactc
ccgccaaact
atactatcca
crtgtatctt
agggggagat
ggtcaccgtc
caggagcacce
accggtgacy
tgtcctacag
crrcggeace
caagacagtt
aggaccgtca
ccctgaggtc
ctggtacgty
caacagcacg
caaggagtac
ctccaaaace
ggagatgacce
catcgeegty
catgcrggac
gtggcagcag

cacgcagaag

1080
1140
1200
1260
1320
1344

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1344



<212>
<213>

<400> 14
gaggtgeagce

tectgtgcag

DNA

acaggaaaag
ggcteegtga
caaatgaaca
tacgactact
teagetagea
gagagcacag
tegtggaact
tcaggactct
acctacacct
cgcaaatgtt
trcctetrtec
tgcotggtgy
ggcgtggagg
cgtgtggtea
tgcaaggtet
gggcagcoece
aaccaggtca
tgggagagca
gacggctect
aacgtcttct
ctctecctyt
<210>
<211>
<212>
<213>

<400> 15
caggtgcage

15

DNA

tcctgtygcag
ccaggcaagy
gcagactccy

ctgcaattga

ggcgagtrtg

Homo sapiens

tggtggagtc
cecrctggatt
gterggagtg
agggecgatt
gcetgagagt
cttattacgg
ccaagggecce
cggeeetggg
caggegetcet
actcectcag
gcaacgtaga
gtgtcgagtg
cececaaaace
tggacgtgag
tgcataatge
gegtectcac
ccaacaaagyg
gagaaccaca
gcctgaccety
atgggeagec
tettecicta
catgetcegt

ctecgggtaa

1326

Homo sapiens

tggtggagte
cgtetggatt
ggcrggagty
tgaagggccg
acagcctgag

actactggay

tgggggaggc
caccttcagt
ggtcrcaget
caccatctcc
cggggacacyg
tatggacgtc
atcggtettc
ctgcctggte
gaccagegge
cagcgtggtg
tcacaagcce
cccacegtge
caaggacacc
ccacgaagac
caagacaaag
cgttgtgcac
ccteecagec
ggtgtacacc
cctggtcaaa
ggagaacaac
cagcaagcte
gatgcatgag

a

tgggggaggc
caccttcagt
ggtggcagtt
attcaccatc
agccgaagac

ccagggaacc
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ttggtacage
agctacgaca
attgatactg
agagaaaatg
gctgtgtatt
tggggccaag
cccetygege
aaggactact
gtgcacacct
accgtgecct
agcaacacca
ccagcaccac
ctcatgatct
cecgaggted
ccacgggagy
caggactgge
cccategaga
ctgceceeat
gogcttotace
tacaagacca
accgtggaca

getetgeaca

gtggtccage
agctatggea
atatggtatg
tccagagaca
acggetgtct
ctggtcaccy

ctggggggtc
tgtactgggt
ttggtgacac
ccaagaactc
actgtgeaag
ggaccacggt
cctgetecag
tceccegaace
tccecagetgt
ccagcaactt
aggtggacaa
ctgtggcagy
cceggacece
agttcaactg
agcagttcaa
tgaacggcaa
aaaccatctc
€ccgggagga
ccagcgacat
caccteecat
agagcaggty

accactacac

ctgggaggte
tgcactgggt
gtggaagtca
attccaagaa
attactgtge

tctecteage
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cctgagactc
ccgecaaget
atactatcca
cttgtatert
aggcggrgac
caccgteree
gagcacetee
ggtgacggtg
cctacagtee
cggcaccecag
gacagttgag
accgrcagee
tgaggtcacg
gtacgtggac
cageacgttc
ggagtacaag
caaaaccaaa
gatgaccaag
cgeegtggag
gcrggactee

gcagcagyggg
gcagaagage

cctgagacte
ccgecagget
taaatactat
cacgctgtat

gagagacaag

tagcaccaag

60
120
180
240
300
360
420
480
546
660
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1341

60
120
180
240
300
360



ggcccatcgg
ctgggctgec
gctctgacca
cteageageg
gtagatcaca
gagtgcccac
aaacccaagy
gtgagccacg
aatgccaaga
ctcaccgttg
aaaggccetec
ccacaggtygt
acctgectyy
cagccggaga
ctctacagea
tecgtgatge
ggtaaa
<210>

<211>

<212>

<213>

<400> 16
caggrgeage

16
DNA

tcetygtgcag
ccaggeaagg
gcagactceg
ctgcaaatga
gggtacttty
ggcccategg
ctgggctgec
gcrctgacea
ctcageageg
gtagatcaca
gagtgcccac

aaacccaagg

1326

tctteccect
tggtcaagga
gcggegtgea
tggtgacegt
agcccageaa
cgtgeecage
acacccteat
aagaccccga
caaagecacy
tgcaccagga
cageeeeceat
acaccergee
tcaaaggett
acaactacaa
agctcaccgt

atgaggctcet

Homo sapiens

tggtggagtc
cgtctggatt
ggctggagty
tgaagggecg
acagcctygag
actactgggg
tetrteececct
tggtcaagga
geggcgtgea
tggtgaccgt
agcccageaa
cgtgeecage

acaccctcat

ggcgeeetge
ctacttcecee
cacctteeca
gceetccage
caccaaggtg

accacctgtg

gatctecegy

ggtccagttc
ggaggageag
ctggctgaac
cgagaaaacc
ceeateeegy
ctaccccage
gaccacacct
ggacaagagc

gcacaaccac

tgggggadggc
cacctteagt
ggtggcagtt
attcaccatce
agcegaggac
ccagggaacc
ggegeectye
ctactteecc
caccttecca
gceetecage
caccaaggty
accacctgtg

gatctcocyy

A1712WOPCT_ST25

tccaggagea
gaaccggtga
gctgtectac
aacttecggea
gacaagacag
gcaggaccgt
accecctgagy
aactggtacy
ttcaacagca
ggcaaggagt
atctccaaaa
gaggagatga
gacatcgeeg
ccecatgetyg
aggtggcagce

tacacgcaga

gtggtccage
agctatggea
atatggtata
tccagagaca
acggctgtot
ctggtcaccy
tccaggagea
gaaccggtga
gcrgtectac
aacttcggea
gacaagacag
gcaggaccgt

acccetgagg

cctecgagag
cggtgtegty
agtccteagg
cccagaccta
ttgagegcaa
cagtctteet
tcacgtgegt
tggacggegt
cgrtcegtyt
acaagtgcaa
ccaaagggca
ccaagaacca
tggagtggga
actccgacgg
aggggaacgt

agagcctete

ctgggaggtc
tgcactgggt
ctggaagtaa
attccaagaa
attactgtge
tetectcage
cctecgagag
cggtotegty
agtcctcagg
cccagaccta
ttgagcgcaa
cagtcttect

tcacgtgegt
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cacagegged
gaactcaggce
actctactce
cacctgcaac
atgttgtgtc
crtccececa
ggtggtggac
ggaggtgeat
ggtcagegte
ggrctecaac
gceecgagaa
ggtcagecty
gagcaatggg
ctecttette
crteteatge

cctgtetcey

cctgagactc
ccgeeagget
taaatactat
cacgttgeat
gagagataaa
tagcaccaag
cacageggec
gaactcagge
actctactce
cacctgeaac
atgttgtgtc
cttecececa

ggtggtggac

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1326

60
120
180
240
300
360
420
480
540
600
660
720
780



gtgagccacyg
aatgccaaga
ctcaccgttyg
aaaggectec
ccacagatgt
acctgeetgg
cagccggaga
ctctacagea
tccgrgatge
ggtaaa
<210>

<211>

<212>

<213>

<400> 17
caggtgcage

17
DNA

tcetgtgeag
ccaggeaagy
gcagactceg
ctgcaattga
ggcgagtrttg
ggcccategg
ctgggetgee
gctctgacea
ctcageageg
gtagatcaca
gagtgeecac
adaacccaagg
gtgagceacy
aatgccaaga
ctcaccgtty
aaaggcctec
ccacaggtgt
acctgcctgg
cagccggaga

ctctacagea

1326

aagacceega
caaagceacy
tgcaccagga
cagcceccat
acaccetgee
tcaaaggett
acaactacaa
agctcaccgt

atgaggctet

Homo sapiens

tggtyggagtc
cgtetggatt
ggctggagty
tgaagggcecg
acagcctgag
actactgggg
terteccect
tggrcaagga
gcggegtgea
tggtgaccgt
agcccageaa
cgtgeeeage
acaccctcat
aagaccccga
caaagccacg
tgcaccagga
cagcececcat
acaccctgece
tcaaaggett
acaactacaa

agctcaccgt

ggtccagttec
ggaggagcag
ctggctgaac
cgagaaaacc
cceateecgy
ctaccccage
gaccacacct
ggacaagagc

gcacaaccac

tgggggaggc
cacctecage
ggtggcagtt
attcaccate
agccgaagac
ccagggaacc
ggcgeectge
ctacttcece
caccttceca
gceetecage
caccaaggtg
accacctgtyg
gatctccegg
ggtccagrtc
ggaggagcag
ctggctgaac
cgagaaaacc
cceateccyy
ctaccecage
gaccacacct

ggacaagagce

AL712WOPCT_ST25

aactggtacg
ttcaacagca
ggcaaggagt
atctccaaaa
gaggagatga
gacatcgecy
cceatgctyg
aggtggeage
tacacgcaga

gtggtccage
agctatggea
atatggtatg
tccagagaca
acggcrgtet
ctggtcaceg
tcecaggagea
gaaccggtga
gctgtectac
aacttcggea
gacaagacag
gcaggacegt
acccctgagg
aactggtacy
ttcaacagca
ggcaaggagt
atctccaaaa
gaggagatga
gacatcgecg
cccatgetgg

aggtggcage

tggacggcgt
cgttcegtgt
acaagtgcaa
ccaaagggcea
ccaagaacca
tggagtggga
actccgacgy
aggggaacgt
agagectetc

ctgggaggrc
tgcactgggt
gtggaagtca
attccaagaa
attactgrge
tctecteage
cctecgagag
cggtgtegty
agtcctcagg
cccagaccta
ttgagcgeaa
cagtcttect
tcacgtgegt
tggacggcyt
cgttcegtgt
acaagtgcaa
ccaaaggyca
ccaagaacca
tggagtggga
actccgacgg

aggggaacgt
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ggaggtgcat
ggtcagegte
ggtetecaac
gcecegagaa
ggtcagectg
gagcaatggy
cteettette
ctteteatge

cctgtetecy

cctgagactce
ccgecagget
taaatactat
cacgctgtat
gagagacaag
tagcaccaag
cacagcggec
gaactcagge
actectactee
cacctgcaac
atgttgtgte
ctteecececa
ggrggtggac
ggaggrtgeat
ggtcagegte
ggtctccaac
gcecccgagaa
ggtcagecty
gagcaatggg
cteccttettc

cttcrcatge

840

900

960
1020
1080
1140
1200
1260
1320
1326

60
120
180
240
300
360
420
480
540
600
660
720
780
840
960
9260

1020
1080
1140
1200
1260
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tccgtgatyge atgaggotct gcacaaccac tacacgeaga agagectcte cctgtcetecyg 1320
ggtaaa 1326
<210> 18
<21l> 444
<212> PRT
<213> Homo sapiens
<4Q00> 18
Gin val GIn Leu val 6In Ser Gly Ala Glu val Lys Lys Pro Gly Ala
1 5 10 15

ser val Lys gaT ser Cys Lys val %er Gly Tyr Thr Leu Tgr Glu Leu
0 5 3

Ser Ile ggs Trp val Arg Gin Aga Pro Gly Lys Gly Zgu Glu Trp Met
4 .

Gly ggy phe Gly Pro Glu ?gp Gly Glu Thr Ile Egr Ala GTn Lys pPhe

GIn Gly Arg val Thr met Thr Glu Asp Thr Ser Thr Asp Thr ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu gsp Thr Ala val Tyr Tyr Cys
85 0 95

Thr Thr Glu Asp Ser Ser Gly Leu Phe Asp Tyr Trp Gly Gin Gly Thr
100 105 110

Leu val Thr val ser Ser Ala Ser Thr Lys ¢ly Pro Ser val phe Pro
115 120 125

Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu ser Thr Ala Ala Leu Gly
130 135 140

Cys Leu val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn
145 150 155 160

Ser Gly Ala Leu Thr Ser Gty val His Thr phe Pro Ala val Leu GlIn
165 170 1758

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser Ser
180 185 190

Asn Phe Gly Thr GIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser
195 200 205

Asn Thr Lys val Asp Lys Thr val Glu Arg Lys Cys Cys val GTu Cys
210 215 220
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Pro

225

Pro

Thr

Asn

Alg

val

305

Ser

Lys

Glu

Phe

Glu

385

Phe

Gly

Tyr

Pro

Pro

Cys

Trp

Glu

290

val

Asn

Gly

Glu

Tyr

370

Asn

Phe

Asn

Thr

<210
<211>
<212>
<213>

<400>

cys

Lys

val

Tyr

275

Glu

His

Lys

Gln

Met

355

Pro

ASh

Leu

val

Glin

19
447
PRT
Homo

19

Glu val Glin
1

Pro

Pro

val

260

val

GlIn

Gln

Gly

Pro

340

Thr

Ser

Tyr

Tyr

Phe

420

L.YsS

Ala

Lys

val

ASD

Phe

ASD

Leu

325

Arg

LYsS

ASD

Lys

Ser

405

Ser

sapiens

teu

val
5

Pro
230
ASp
ASp
Gly
Asn
Trp
310
Pro
Glu
ASn
ile
Thr

390

Lys

Lys

Leu

Gin

Pro

Thr

val

val

ser

295

Ley

Ala

Pro

Gln

Ala

375

Thr

Leu

sSer

Ser

Ser

val

Leu

ser

Glu

280

Thr

Asn

Pro

Gin

val

360

val

Pro

Thr

val

Leu
440

Gly
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Ala

Met

His

265

val

Phe

Gly

Ile

va'l

345

Ser

Glu

Pro

val

Met

425

Ser

Ala

Gly

Ile

250

Glu

His

Arg

Lys

Glu

330

TYr

Leu

Trp

Met

ASpP

410

His

Pro

Glu
10

Pro Ser val

235

Ser

ASP

Asn

val

Glu

315

Lys

Thr

Thr

Glu

Ley

395

Lys

Glu

val

Arg

Pro

Ala

val

300

Tyr

The

Leu

Cys

ser

380

ASP

Sep

Ala

LYsS

Thr

Glu

Lys

285

Ser

Lys

Ile

Pro

Leu

365

ASn

Ser

APrg

Leu

Phe

Pro

val

270

Thr

val

Cys

Ser

Pro

350

val

Gly

ASp

Trp

His
430

Leu

Glu

255

Glin

LyS

Leu

Lys

LysS

335

ser

LYyS

Gin

Gly

Gin

415

Asn

Phe

240

val

Phe

Pro

Thr

val

320

Thr

Arg

Gly

Pro

ser

400

Gln

Lys Lys Pro Gly Glu
15
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Ser

Trp

Gly

Gln

65

Leu

Ala

Gln

val

Ala

145

Ser

val

Pro

Lys

val

225

Phe

Pro

val

Leu

Ile

Ile

50

Gly

Gln

Atrg

Gly

phe

130

Leu

Trp

Leu

Ser

Lys

Gly

35

Ile

Gln

Trp

His

Thr -

115

Pro

Gly

Asn

Gln

Ser

- 195

Pro

210

Glu

Leu

Glu

Gin

Ser

cys

Phe

val

Phe
275

ITe

20

Trp

Tyr

val

Ser

Leu

Cys

Ser

Ser

186

Asn

Asn

Pro

Pro

Thr

260

Asn

ser

val

Pro

Thr

ser

85

Thr

val

Ala

Leu

Gly

ser

Phe

Thr

Pro

Pro

245

cys

Trp

cys

Arg

Gly

Ile

70

Ley

Ser

Thr

Pro

val

150

Ala

Gly

Gly

Lys

cys

230

Lys

val

Tyr

Lys

Gln

Asn

55

Ser

Lys

Ser

val

Cys

135

Lys

Leu

Leu

Thr

val

215

Pro

Pro

val

val

Met

40

Ser

Ala

Ala

Asp

Ser

120

ser

ASp

Thr

Tyr

Gln

200

Asp

Ala

LYS

val
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ggr Gly Tyr Ser Phe

Pro

Asp

AsSp

Ser

Tyr

105

Ser

Arg

Tyr

ser

Ser

185

Thr

Lys

Pro

ASD

ASp

265

Gly

Gly

Thr

Lys

ASp

90

Tyr

Ala

Ser

Phe

Gly

Leu

Tyr

Thr

Pro

Thr

250

val

val

Lys

Arg

Ser
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Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp
385 390 395 400

ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser
405 410 415

Arg Trp GIn Gin Gly Asn val Phe Ser Cys Ser val Met His Glu Ala
420 425 430
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«212> PRT

<213> Homo sapiens
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1 5 10 15
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435

29
118
PRT
Homo

29

GIn val GIn
1

Ser

ser

Gly

Gln

65

Met

Thr

Leu

val

Ile

Gly

50

Gly

Glu

Thr

val

<210>
<211>
<212>
<213>

<400>

LYS

His
35

Phe

Arg

Leu

Gu

Thr
115

30
121
PRT
Homo

30

Ile

Thy

Lys

Cys

420

Ley

Ala

Thr

Leu

405

Ser

Ser

sapiens

Leu

va'l

20

Trp

Gly

val

Ser

val

5

Ser

val

Pro

Thr

Ser

85

Ser

Ser

sapiens

val

Pro

390

Thr

val

Leu

Gln

Cys

Alrg

Glu

Met

70

L.eu

Ser

Ser

Glu
375
Pro
val

Met

Ser

Ser

Lys

Gln

ASD

55

Thr

Aryg

Gly

Met

Asp

H1s

Pro
440

Gly

val

Ala

40

Gly

Glu

ser

Leu

A1712WOPCT_ST25

Glu ser Asn

Leu

Lys

Ala

Ser

25

Pro

Glu

ASDp

Glu

Phe
105

ASp
Ser
410

Ala

Lys

Glu
10

Gly
Gly
Thr
Thr
ASD
90

ASD

ser
395
Arg

Leu

val

Tyr

LYS

Ser

75

Thr

Tyr

Gly
380
AsSp

Trp

His

Lys

Thr

Gly

Y@

60

Thr

Ala

Trp

Page 40

365

Gin

Gly.

Gln

ASn

Lys

Leu

Leu

45

Ala

ASp

val

Gly

Pro

ser

Gin

His
430

Pro

Thr

30

Glu

Gin

Thr

Tyr

Glu

Phe

Gly

Tyr

Gly

15

Glu

Trp

LYys

Ala

TYr

- 95

Gln
110

Gly

ASn
Phe
400

Asn

Thr

Ala
Leu
Met
Phe
Y
80

Cys

Thr



Glu

ser

Trp

Gly

Gin

65

l.eu

Ala

GlIn

val Glin
Leu Lys
Ile Gly
35

Ile 1le
50

Gly Gin
GIn Trp

Arg His

Gly Thr
115

<210> 31
<211> 122
<212> PRT

<213>

Homo

<400> 31

Gly
1
Ser
ASp
Sar
Gly
65

Gln

Arg

val Gn

Leu Arg

Mer His
35

Ala Ile
50
Arg Phe

Met Asn

Gly Gly

Leu

Ile

20

Trp

Tyr

val

Ser

Gly

Thr

val

Ser

val

Pro

Thr

Ser

85

Thr

val

sapiens

Leu

Leu

20

Trp

Asp

Thr

Ser

Asp

val
5
ser
Ite
Leu
Ile
Ley
85

Gly

Gln

Cys

Arg

Gly

Ile

70

Leu

Ser

Thr

Glu

Cys

Arg

Ala

ser

70

Arg

Tyr

Ser

Lys

Gin

Asn

55

ser

LysS

ser

val

ser

Ala

Gin

Gly

55

Arg

Ala

Asn

Gly

Gly

Met

40

ser

Ala

Ala

Asp

Ser
126

Gly

Ala

Ala

40

ASp

Glu

Gly

Tyr

AL1712WOPCT_ST25

Ala

ser

25

Pro

ASp

ASp

ser

Tyr

105

Ser

Gly

Ser

25

Pro

Thr

Asp

AsD

105

Glu val Lys Lys
10

Gly

Gly

Thr

Lys

ASD

90

Tyr

Gly
10

Gly
Gly
Tyr
Ala
Thr
30

Tyr

Tyr

LYS

Arg

Ser

75

Thr

Gly

Leu

Phe

LYS

Tyr

Lys

75

Ala

Tyr

Ser

Gly

Phe

60

Ile

Ala

Leu

val

Thr

ASn

Pro

60

ASh

val

Gly

Page 41

Phe

Leu

45

ser

Thr

Met

Asp

GIn

Phe

Leu

45

Gly

sSer

Tyr

Ile

Pro

Thr

30

Glu

Pro

Thr

Tyr

val
110

Pro

Ser

30

Glu

Ser

Leu

TYr

ASp
110

Gly
15

Asn

Trp

ser

Ala

Ty

95

Trp

Gly
15

Thr
Trp
val
TYyr
Cys
a5

val

Glu

Tyr

Met

Phe

Tyr

cys

Gly

Gly

Tyr

val

Lys

Ley

80

Ala

Trp



Gly Gin

<210>
<211>
<212>
<213>

<400>
Gln val
1
sar val
ser val
Gly Gly
50
Gin Gly
Met Glu
Ala Thr

val Thr

<210>
<211>
<212>
<213>

<400>
Glu val
1

Ser Leu
ASpD Met

ser Gly
50

Gly Arg
65

Gly
115

32
117
PRT
Homo

32
Gln

Lys
Asn
35

Phe
Arg
Leu
Trp
val

115

33
120
PRT
Homo

33
Glin
Arg
Tyr
35
Ile

Phe

Thr

Thr

sapiens

Leu

val

20

Trp

ASp

val

Ser

Trp

Serp

val

5

Ser

val

Pro

Thr

Ser

85

ASp

sSer

sapiens

Leu

L.eu

20

Trp

AsSp

Thr

val
5

Ser
val
Thr

Ile

val

Gln

Cys

Arg

Glu

L.eu

70

Leu

Phe

Glu

cys

Arg

val

ser
70

Thr

ser
Glu
Gln
Asp
55

Thr

Arg

His

Ser

Ala

Gin

Gly

55

Arg

val
120

Gly

val

Ala

40

Gly

Glu

ser

Phe

Gly
Ala
Ala
40

ASD

Glu

AL1712WOPCT_ST25

Ser

Ala

Ser

25

Pro

LyS

Asp

Glu

ASD
105

Gly

Ser

25

Thr

Thr

Ash

Ser

Glu
10

Gly
Gly
Thr
Thr
Asp
90

Phe

Gly
10

Gly
Gly

Tyr

Ala

val
Phe
Lys
Ile
ser
75

Thr

Trp

Trp
Phe
Lys
Tyr

LYS
75

Lys

Ite

Gly

Tyr

60

Thr

Ala

Gly

val

Thr

Gly

Pro

60

Asn

Page 42

Lys

Leu

Leu

45

Ala

ASp

val

Glin

Gln

Phe

Leu

45

ASp

Ser

Pro

Thr

30

Glu

Gln

Thr

Tyr

Gly
110

Pro
ser
30

Glu

ser

val

Gly
15

Glu
Trp
Lys
Ala
Tyr
95

Thr

Gly
15

ser
Trp

val

Tyr

Ala

feu

Met

Phe

Tyr

80

cys

Leu

Gly

Tyr

val

Lys

Leu
80



Gin Met
Arg Gly
His Gly

<210>
<211
<212>
<213>
<400>

Glu vai
1

Ser Leu
Asp Met

ser Ala
50

Gly Arg
65

G1n Met
Arg Gly
Gly GIn

<210>
<211>
<212>
<213>

<400>
Glu val
1

Ser Ley

Asn
Ile

Thr
115

34
122
PRT
Homo

34
Gih
Arg
His
35
1le
Phe

Asnh

Gly

35
Glin

Arg

Thr Leuy
85

Tyr
100

Thr

Gly

val

sapiens

Leuy

Leu

20

Trp

Asp

Thr

Ser

ASp

100

Thr

val

5

Ser

val

Leu

Ile

Leu

85

Gly

Thr

sapiens

Ley

Leu
20

val
5

ser

Arg

Asp

Thr

Gly

Cys

Arg

Ala

Ser

70

Arg

Tyr

val

Gliu

Cys

Ala

Phe

val

Ser

Ala

GIn

Gly

55

Arg

Ala

ASnh

Thr

Ser

Ala

ALl712WOPCT..ST25

Gly Asp Thr ala val Tyr Tyr Cys val
30 95

Tyr Tyr Tyr Gly Leu Asp val Trp Gly
105 110

Ser
120

Gly
Ala
Thr
40

ASp

Glu

Gly

Tyr

val
120

Gly

Ala

Gly

Ser

25

Thr

Thr

ASp

ASP

105

ser

Gly

ser
23

Gly
10

Gly
Gly
Tyr
Ala
Thr
90

Tyr

Ser

Leu

Phe

LysS

Tyr

Lys

Ala

Tyr

val

Thr

Gly

Pro

60

ASN

val

Gly

Gin

Phe

Leu

45

Gly

ser

Tyr

Ile

Pro

ser

30

Glu

Ser

Leu

Tyr

ASp
110

Gly

15

Thr

Trp

val

Tyr

Cys

val

Gly

Tyr

val

Lys

Leu

80

Ala

Trp

Gly teu val GIn Pro Gly Gly
10 15

Gly Phe Thr Phe §8r Thr Tyr

Page 43



AL712WOPCT_ST25
Asp Met ?gs Trp val Arg Gin Zhr Thr Gly Lys Gly zgu Glu Trp val
0

Ser éga e asp Leu Ala ggy Asp Thr Tyr Tyr ggo Gly Sser val Lys

Gly arg Phe Thr Ile Ser Arg Glu Asp Ala Lys Asn Ser Leu Tyr Leu
65 70 75 80

Gln Met Asn Ser ggu Arg Ala Gly Asp ggr Ala val Tyr Tyr Cgs Ala
%

Arg Gly Gly Asp Gly Tyr Asn Tyr Asp Tyr Tyr Gly Ile Asp val Trp
100 105 110

Gly GIn Gly Thr Thr val Thr val Sser ser

115 120
<210> 36
<211> 121
<212> PRT
<213> Homo sapiens
<400> 36

§1u val ¢in Leu ¥a1 Glu ser Gly Gly ggy teu val GIn Pro ggy Gly

Ser Leu Arg ESU'Ser Cys ala Ala ggr Gly phe Thr Phe ggr ser Tyr

Asp Met Tyr Trp val Arg Gin iga Thr 6ly Lys Gly zgu Glu Trp val
35

Ser éga ITe Asp Tthr val ggy Asp Thr Tyr Tyr 250 Gly ser val Lys

Gly Arg Phe Thr Ile Ser Arg Glu Asn Ala Lys Asn Ser Leu Tyr Leu
65 70 75 80

Gln Met Asn Ser égu Arg val Gly Asp ggr Ala val Tyr Tyrwggs Ala

Arg Gly Gly Asp Tyr Asp Tyr Ser Tyr Tyr Gly Met Asp val Trp Gly
100 105 110

GIn &ly Thr Thr val Thr val ser ser

115 120
<210> 37
<211> 116
<212> PRT

<213> Howmo sapiens
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<400>

Glin val
1

Ser Leu
Gly Met
Ala val

50

Lys Gly
Leu G'ln
Ala Arg

Thr val

<210>
<211>
<212>
<213>

<400>
Gin val
1

Ser Leu
Gly Met
Ala val

50

Lys Gly

Ley GIn

Ala Arg

37
Glin

Arg

His

35

Ile

Argd

Leu

ASp

Ser

115

38
116
PRT
Homo

38

Gin

Arg

His

Ile

Arg

Met

ASD

Leu

Leu

20

Trp

Trp

Phe

ASh

Lys

Ser

val

Ser

val

Ty"r

Thr

Ser

85

Gly

sapiens

Leu

Leu

20

Tro

Trp

Phe

Asn

Lys
100

val
5

Ser
val
TYyr
Thr
ser

85

Gly

Glu

cys

Arg

Gly

Ie

70

Leu

Glu

Glu

Cys

Arg

Thr

Ile

70

Leu

Tyr

Ser

Ala

Glin

Gly

55

Ser

Arg

Phe

Ser

Ala

Gln

Gly

55

Ser

Arg

phe

Gly

Ala

Ala

40

Ser

Arg

Ala

ASD

Gly

Ala

Ala

40

Ser

Arg

Ala

Asp

AL712WOPCT_ST25

gly Gly val val Gln
10

Ser

25

Pro

His

ASp

Glu

TYr

Gly

Ser

Pro

Asn

Asp

Glu

Tyr
105

Gly

Gly

Lys

Asn

Asp

90

Trp

Gly
10

Gly
Gly
LYS
AsN
ASP
90

Trp

pPhe

Lys

Tyr

Ser
75
Thr

Gly

val

Phe

Lys

Tyr

Ser

75

The

Gly

Thr

Gly

Tyr

60

Lys

Ala

Gin

val

Thr

Gly

Tyr

60

Lys

Ala

Glin
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Phe

Leu

45

Ala

Asn

val

Gly

Gin

Phe

Leu

45

Ala

ASH

va'l

Gly

Pro

Ser

30

Glu

ASp

Thr

TYPr

Thr
110

Pro

Ser

30

Glu

ASp

Thr

Tyr

Thr
110

Gly
15

Ser
Trp
Ser
Leu
Tyr
95

Leu

Gly
15

ser
Trp
Ser
Leu
Tyr
95

Leu

Arg

Tyr

val

val

Cys

val

Arg

Tyr

va'l

val

His

80

Cys

val



Thr val

<210> 3

Ser
115

9

<211> 116
<212> PRT

<213>
<400> 3

Gln val
1

Ser Leu
Gly Met
Ala val

50

Lys Gly
65
Leu GlIn

Ala Arg

Thr val

Homo

9
Gin

Arg

His T

35

Ile

Arg

Leu

ASD

ser
115

<210> 40

<211> 5§

<212> PRT

<213» H

omo

<400> 40

Glu Leu
1

ser

<210> 41

«211> 5

<212> PRT

<213>

HOMo

<400> 41

Asn Tyr
1

Trp

<210> 42

<211> 5

Ser

sapiens

Leu

Leu

20

Trp

Phe

Asn

Lys

Sepr

val
5

ser
val
Tyr

Thr

sapiens

ile

His
5

sapiens

Ile Gly
S

Glu

Cys

Arg

Gly

Iie

70

Leu

Glu

Ser

Ala

Glin

Gly

55

ser

Arg

Phe

Gly

Ala

Ala

40

Ser

Arg

Ala

ASD

AL712wWOPCT_ST25

Gly

Ser

25

Pro

His

ASD

Glu

Tyr

Gly

10

Gly

Gly

Lys

Asn

Asp

90

Trp

val

Phe

LyS

TYr

Ser

75

Thr

Gly

val

Thr

Gly

Tyr

60

Lys

Ala

Gin
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Gn

Phe

Leu

45

Ala

Asn

val

Gly

Pro

Ser

30

Glu

Asp

Thr

Tyr

Thr
110

Gly
15

ser
Trp
Ser
Leu
Tyr
95

Leu

Arg

Tyr

val

val

Tyr

80

cys

val



<212>
<213>

<400>

PRT
Homo

42

Ehr TVr ASp

<210>
<21l>
<212>
<213>

<400>

43

5
PRT
Homo

43

Glu Leu ser
1

<210>
<211>
<212>
<213>

<400>

44

PRT
Homo

44

Ser Tyr Asp
1

<210>
<211>
<212>
<213>

<400>

45

5
PRT
Homo

45

Thr Tyr Asp
1

<210>
<211
<212>
<213>

<400>

46

5
PRT
Homo

46

{hr Tyr Asp

<210>
<211>
<212>
<213>

<400>

47

3
PRT
Homo

47

Ser Tyr Asp
1

<210>
<211>
<212>
<213>

48

5
PRT
Homo

sapiens

Met His
5

sapiens

val Asn
5

sapiens

Met Tyr
5

sapiens

Met His
5

sapiens

Met His
5

sapiens

Met Tyr
5

sapiens

AL712WOPCT_ST25
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AL712WOPCT. 5T25
<400> 48
ser Tyr Gly Met His
1 5

<210> 49

<211> 5§

<212> PRT

<213> Homo sapiens

<400> 49

Ser Tyr Gly Met His
i 5

<210> 50

<211> 5

<212> PRT

<213> Homo sapiens

<400> 50
ser Tyr Gly Met His
1 _ 5

<210> 51

<211> 17

<212> PRT

<213> Homo sapiens

<400> 51

Gly Phe Gly Pro Glu Asp Gly Glu Thr Ile Tyr Ala Gin Lys Phe GIn
1 5 10 15
Gly

<210> 52

<211l> 17

<212> PRT

<213> Homo sapiens

<400> 52

Ile Ile Tyr Pro Gly Asn Ser Asp Thr Arg phe Ser Pro Ser Phe Gin
1 5 10 15
Gly

<210> 53

<211> 16

<212> PRT

<213> Homo sapiens

<400> 53

Ala The Asp Lteu Ala Gly Asp Thr Tyr Tyr Pro Gly Ser val Lys Gly
1 5 10 15
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<210>
<211>
212>
<213>

<4Q0>

54
17
PRT
Homo

54

ily Phe Asp

Gly

<210>
<211>
<212>
<213>

<400>

55
16
PRT
Homo

55

Gly ITe Asp
1

<210>
<211>
<212>
<Z213>

<400>

56
16
PRT
Homo

56

Ala Ile Asp
1

<210>
<211>
<212>
<213>

<400>

57
16
PRT
Homo

57

Ala Ile Asp
1

<210>
<211>
<212
<213>

<400>

58
16
PRT
Homo

58

Ala I'le Asp
1

<210>
<211>
<212>
<213>

<400>

59
17
PRT
Homo

59

sapiens

pro Glu
5

sapiens

Thr val
5

sapiens

Leu Ala
5

sapiens

Leu Ala
5

sapiens

Thr val
5

sapiens

AL712WOPCT_ST25

Asp Gly Lys Thr Ile Tyr Ala GIn Lys Phe GiIn
16 15

Gly Asp Thr Tyr Tyr Pro Asp Ser val
10

Gly Asp Thr Tyr T%r Pro Gly Ser val
1

Gly Asp Thr Tyr Tyr Pro Gly Ser val
10

Gly Asp Thr Tyr {%r Pro Gly Ser val

Page 49

Lys Gly
15

Lys Gly
15

Lys Gly
15

Lys Gly
15



val Ile Trp
1

Gly

<210>
<211>
<212>
<213>

<400>

60
17
PRT
Homo

60

val ITe Trp
1

Gly

<210>
<211>
<212>
<213>

<400>

61
17
PRT
Homo

61

val Ile Trp
1

Gly

<210>
<211>
<212>
<Z213»>

<400>

62

9
PRT
Homo

62

Glu Asp Ser
1

<210>
<211>
<212>
<213>

<400>

63
12
PRT
Homo

63

gis Gly Thr

<210> 64
<211> 14
<212> PRT
<213> Homo
<400> 64
Gly Gly Asp

) AL712WOPCT_S5T25
Tyr Gly Gly Ser His Lys Tgr Tyr Ala Asp Ser Vg? Lys
5 1 1

sapiens

Tyr Thr Gly Ser Asn Lys Tyr Tyr Ala Asp Ser val Lys
5 10 15

sapiens

Tyr Gly Gly $er His Lys Tyr Tyr Ala Asp Ser val Lys
5 10 15

sapiens

Ser Gly Leu Phe Asp Tyr
5

sapiens

ser ser Asp Tyr Tyr Gly &Su Asp val
5

sapiens

Gly Tyr Asn Tyr Asp Tyr Tyr Gly Ile Asp val
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<210 65
<211> 8
<212> PRT
<213> Homo

<400> 65
Trp Trp AsSp
1

<210> 66
<211l> 13
<212> PRT
<213> Homo

<400> 66
Gly Ile Tyr
1

<210> 67
<211l> 14
<212> PRT
<213> Homo

<400> 67
Gly Gly asp
1

<210> 68
<211> 14
<212> PRT
<213> Homo

<400> 68
%1y Gly Asp

<210> 69
<211> 13
«<212> PRT
<213> Homo

<400> 69
Gly Gly Asp
1

<210> 70
<21l> 7

<212> PRT
<213> Homo

<400> 70
Asp Lys Gly
1

sapiens

Phe His
5

sapiens

Gly Asp
5

sapiens

Gly Tyr
5

sapiens

Gly Tyr
5

sapiens

Tyr Asp
5

sapiens

Glu Phe
5

Phe

Phe

Asn

AsN

Tyr

Asp

AL712WOPCT_ST25
10

Asp Phe

Tyr Tyr Tyr

Tyr Asp Tyr

Tyr Asp Tyr

Ser Tyr Tyr

Tyr

Gly Leuy Asp val
10

Tyr Gly Ile Asp val
10

Tyr Gly Ile Asp val
10

Gly Met Asp val
10
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<210> 71
<211> 7
<212> PRT
<213>

<400> 71

Homo sapiens

§5p Lys Gly Tyr ghe Asp Tyr

<210> 72
<211l> 7
<212> PRT
<213>

<400> 72

Homo sapiens

?sp Lys Gly Glu ghe ASp Tyr

<210> 73

<211> 660
<212> DNA
<213>

«<400> 73
gacctcgtga

atcaactgeca
tggtaccage
gaatccgggy
atcagcagec
ccgtggacgt
gtetteatet
ctgctgaata
caatcgggta
ctecagcagea
gaagtcaccce
<210> 74

<211> 642
<212>  DNA
<213>

<400> 74
gacatccaga

atcacttgec
gggaaagece
aggrrcagtg
gaagatattg

Homo sapiens

tgacccagte
agtccageca
agaagccggg
teectgaccy
tgcaggcetga
toggecaagg
tececegecatce
acttetatec
actcccagga
cecctgacyet

atcagggect

Homo Sapiens

tgacccagtc
aggcgagtca
ctaagctect
gaagtggatc

caacatatta

tccagactec
gagtctttta
acagectect
attcagtggc
agatgtggca
gaccaaggtg
tgatgagcag
cagagaggec
gagtgtcaca
gagcaaagca

gagctegecec

tccatectec
ggacartagt
gatctacgat
tgggacagat

ctgtcaacag

Al712WOPCT,.ST25

CTggcTytyt
tacagcteea
aaactgctca
agcgggtetg
gtttattact
gaaatcaaac
rtgaaatcty
aaagtacagt
gagcaggaca
gactacgaga

gtcacaaaga

ctgrctgcat
aactatttaa
gcatccaatt
tttactttca

gatgataatt

cteccgggega

acaataagga..

tttactgggc
ggacagattt
gtcaccaata
gtacggtggc
gaactgcctc
ggaaggtgga
gcaaggacag
aacacaaagt

gcttcaacag

ctgtaggaga
attggtatca
tggaaacagg
ccatcageag

tccctctcac

Page 52

gagggeeact
ctacttaget
atctaccegg
cactecteace
ttataatact
tgraccatct
tgttgtgtge
taacgeocte
cacctacage
ctacgeetge

gggagagtgt

cagagtcacce
gcagaaacca
ggteccatca
cctgcagect

ttteggegga

60
120
180
240
300
360
420
480
540
600
660

60
120
180
240
300



gggaccaagg
tctgatgage
cccagagagg
gagagtgtca
ctgagcaaagy
ctgagetoge
<210>
<211>
<212>
<213>

<400> 758
gatattgtaa

75
654
DNA

atctcctgea
tacctgeaga
tecggggtee
agcagagtgg
acttteggeg
atcttececege
aataacttct
ggtaactccc
agcaccctga
acccatcagg
<210>
<211>
<212>
<213>

<400> 76
gattttgtga

76
657
DNA

atctecctgta
ttcctgeaga
rotggagtyc
ageeggygtgg
cteactttey
treatcttec
ctgaataact
tcgggtaact

agcagcaccc

tygagatcaa
agttgaaatc
ccaaagtaca
cagagcagga
cagactacga

ccgtcacaaa

Homo sapiens

tgactcagtc
ggtctagtea
agccagggea
ctgacaggrt
aggcrgagga
gagggaccaa
catctgatga
atcccagaga
aggagagtgt
cgctgageaa

geectygagetc

Homo sapiens

tgacccagac
agtctagtea
agccaggeea
cagataggtt
aggcrgagga
gcggagggac
cgceatetga
tctatcecag
cccaggagag

tgacgetgag

acgtacggtg
tggaactgcc
gtggaaggty
cagcaaggac
gaaacacaaa

gagcttcaac

tecactetce
gagcetectg
gtctccacag
cactggeagt
tgttggggtt
ggtggagatc
gcagttgaaa
ggccaéagta
cacagagcag
agcagactac

gceegteaca

tccactetot
gagectectg
gcctecacaa
cagtggeage
tgttggggtt
caaggtggag
tgagcagttyg
agaggccaaa
tgtcacagag

Caaagcagac

AL712WOPCT_ST25

getgeaccat
tctgttgtgt
gataacgece
agcacctaca
gtctacgect

aggggagagt

ctgccegtea
catagtgatg
ctectgatet
ggatcaggca
tattactgea
aaacgtacgg
tctggaacty
cagtggaagy
gacagcaagg
gagaaacaca

aagagettca

ctgtcegtca
catagtaatg
cteergatct
gggtcaggga
tattactgca
atcaaacgta
aaatctggaa
gtacagtgga
caggacagca
tacgagaaac
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ctgtcttcat
gcctgetgaa
tecaatceggg
gcctcageag
gcgaagtcac

gt

ccectggaga
gataccacta
atttgggttc
cagattttac
tgcaagetet
tggetgcacc
cctotgttgt

tggataacge

acagcaccta:

aagtctacge

acaggggaga

cccctggaca
gaaagaccta
atgaagtitc
cagatttcac
tgcaaagtat
cggtggctge
ctgectetgt
aggtggataa

aggacagcac

acaaagtcta-

cttceegeca
taacttctat
taacteccag
caccctgacyg

ccatcaggge

gceggeetec
tttggattygg
taatcgggec
actgaaaatc
acaaattcte
atcrgtettc
gtgcctgetg
cctecaatcy
cagecteage
ctgcgaagtc

gtgt

geeggectce
tttgtattgg
caaccgyttc
actgaaaaic
acagcttect
accatetgec
tgtgtgeoty
cgcectecaa
ctacagecte

cgcetgegaa

360
420
480
540
600
642

60
120
180
240
300
360
420
480
540
600
654

60
120
180
240
300
360
420
480
540
600



gteacceate

<210> 77

<211> 654
<212>
<213>

<400> 77
gatattgtga

atctectygea
tacctgcaga
tecggyggtec
agcagagtgg
actttegyey
atctteeege
aataacttct
ggtaactecc
agcaccctga
acccatcagg
<210> 78

«211> 654
<212> DNA
<213>

<400> 78
gatattgtaa

atctcctgea
tacctgcaga
teceggggrec
agcagagtgg
actticggey
arcttceege
aataacttct
ggtaactecc
agcaccctga
acccatcagy
<210>
<211>
<212>
<213>

<400> 79
gatattgtaa

79
654
DNA

DNA '
Momo sapiens

agggectgag

tgactecagtc
ggtctagtca
agccagggea
ctgacaggtt
aggctgacga
gagggaccaa
catctgatga
atcccagaga
aggagagtgt
cgctgageaa

gcotgagete

Homo sapiens

tgactcagtc

ggtctagtca
agceagggea
ctgacaggtt
aggctgagga
gagggaccaa
catctgarga
atcccagaga
aggagagtgt
cgctgagcaa

geetgagetc

Homo sapiens

tgacteagtc

ctegecegte

tceactetec
gagccrectg
gtctecacac
cagtggcagt
tgttggggtt
ggtggagatc
gcagttgaaa
ggccaaagta
cacagagcag
agcagactac

geeegteaca

tcecactctec
gagectectyg
gtctccécag
cagtggcagt
tgttggggtt
ggrggagatc
gcagttgaaa
ggccaaagta
cacagagcag
agcagactac

gcccgteaca

tccactetec

Al712WOPCT_ST25

acaaagagct

ctgcecgtea
tatagtgaty
ctecctgatet
ggatcaggea
tattactgea
aaacgtacgg
tctggaacty
cagtggaagg
gacagcaagg
gagaaacaca

aagagcttea

ctgccegtea
catagtgatg
ctcectgatcet
ggatcaggea
tattactgca
aaacgtacgg
tetggaacty
cagtggaagg
gacagcaagg
gagaaacaca

aagagcttca

ctgeccgtea

tcaacagggy

ccectggaga
gaaacaacta
atttgggtte
cagattttac
tgeaagctet
tggctgeace
cctetgttygt
tggataacge
acagcaccta
aagtctacge

acaggggaga

ccectggaga
gatatcacta
atttggottc
cagattttac
tgcaageter
tggctgeace
coctergtrgt
tggataacgc
acagcaccta
aagtctacge

acaggggaga

ccectggaga

Page 54

agagtgt

gceggeetce
tttggattyg
taatcgggee
actgaaaatc
acaaactcte
atctgtcttc
gtgcctgety
cctecaateg
cagccteage
ctgcgaagtc

gtgt

geeoggeetec
ttrggattgg
taatcgggec
actgaacatc
acaaactctc
atctgrettc
gtgectgetg
cctecaatey
cageccreage
ctgcgaagtc

gtgt

gceggeetece

657

60
120
180
240
300
360
420
480
540
600
654

60
120
180
240
300
360
420
480
540
600
654

60



atctectgea
tacctgcaga
tceggogtec
agcagagtgg
acttteggey
atctteccge
aataacttct
ggtaacteec
agcaccctga
acccatcagg
<210>
<211>
<212>
<213>

<400> 80
gatattgtga

80
654
DNA

atctcctgta
tacctgeaga
tccggggtec
agcagagtgg
acctteggec
atcttcocge
aataactict
ggtaactecc
agcaccctga
acccatcagg
<210>
<211>
<212>
<213>

<400> 81
gaaattgtga

81
645
DNA

ctctectgea
cerggeeagg
gacaggttca
cctgaagatt

caagggacca

gatctagtea
agccagggea
ctgacaggtt
aggctgagga
gagggaccaa
catctgatga
atcccagaga
aggagagtgt
cgctgageaa

gectgagetc

Homo sapiens

tgactcagte
ggtctggtca
agccagggea
ctgacaggtt
aggctgagga
aagggacacy
catctgatga
atcccagaga
aggagagtgt
cgctgageaa

gecetgagetce

Homo sapiens

tgacgcagtc
gggccagtea
cteccagyet
gtggcagtgg
ttgcagtgta
aggtggaaat

gagectecty
gtctccacag
cagtggcagt
tgttggggtt
ggtggagatc
gcagttgaaa
ggccaaagta
cacagagcag
agcagactac

gecegteaca

tccactetee
gagcctecty
gtctccacag
cagtggcagt
tgttggggtt
actggagatt
gcagtgaaa
ggccaaagta
cacagagecag
agcagactac

geocgteaca

tccaggeacc
gagtgttagc
cctcatcetat
gtctgggaca
ttactgtcag

caaacgtacg

AL712WOPCT._ST25

catagtgatg
ctectgatet
ggatcaggea
tattactgea
aaacgtacgg
tctggaacty
cagtggaagg
gacagcaagy
gagaaacaca

aagagettea

ctgeecgtea
catagtgatg
ctectgatet
ggatcaggca
tattactgca
aaacgtacgg
tctggaacty
cagtggaagg
gacagcaagg
gagaaacaca

aagagcttca

ctgtctttgt
agcagecact
ggtgcatcca
gacttcactc
cagtatggta

gtggetgeac

pPage 55

gatatcacta
atttgggtte
cagartrtac
tgcaagetct
tggctgcace
cetetgttgt
tggataacge
acagcaccta
aagtctacgce

acaggggadga

ccecctggaga
gatdcaacta
atttgggttce
cagattttac
tgcaagetct
tggcergeacce
cctetgtegt
tggataacge
acagcaccta
aagtctacge

acaggggada

ctccagggga
taggctggta
acagggecac
tcaccatcag
gcteaccyty

catctgtctt

tttggattgg
taatcgggee
actgaacatc
acaaactctc
atctgtctte
gtgectygcetg
cctecaateg
cageetcage
ctgcgaagtc

gtgt

gceggeetee
tttggattyy
taatcgggece
actgaaaatc
acaaactatc
atcrgtctte
gtgcectgcty
cctecaateg
cagccteage
ctgcgaagtc

gtgt

aagagccace
tcagcagaaa
tggcatceea
caaactggag
gacgttegge

catcrteceg

120
180
240
300
360
420
480
540
600
654

60
120
180

240

300
360
420
430
540
600
654

60
120
180
240
300
360



ccatctgaty
tatcccagag
caggagagtyg
acgetgagea
ggcctgaget
82

645
DNA

<210>
<21i>
<212>
<213>

<400> 82
gaaattgtgt

ctctectgea
cctggecaga
gacaggttca
cctgaggatt
caagggacca
ccatctgatg
tatccecagag
caggagagtg
acgctgagea
ggectgaget
<210> 83

<211> 645
<212> DNA
<213>

<400> 83
gaaattgtga

ctctectgea
cctggecagy
gacaggttca
cctgaagatt
caagggacca
ccatctgaty
tatcccagag
caggagagty
acgctgagca

ggcctgaget

agcagttgaa
aggccaaagt
tcacagagca
aagcagacta

cgcecgrteac

Home sapiens

tgacgeagtc
gggecagtea
ctcecaggtt
grtogcagtgg
ttgcagtgtt
aggtggaaat
agcagttgaa
aggccaaagt
tcacagagca
aagcagacta

cgecegteac

Home sapiens

tgacgcagtc
gggceagtca
cteecagget
gtggcagtgg
ttgcagtgta
aggtggaaat
agcagttgaa
aggccaaagt
tcacagagca
aagcagacta

cgceegtcac

atcrggaact
acagtggaag
ggacagcaag
cgagaaacac

aaagagcttc

tccaggeacc
gagtgttagt
ccteatetat
gtctgggaca
ttactgteag
caaacgtacg
atctggaact
acagtggaag
ggacagcaag
cgagaaacac

aaagagcttc

tcecagyeace
gagtgttage
cctcatetat
gtctgggaca
ttactgtcag
caaacgtacg
atctggaact
acagtggaag
ggacagcaag
cgagaaacac

aaagageric

AL1712WOPCT_ST25

geetetgtty
gtggataacg
gacageacct
aaagtctacy

aacaggggag

ctgtetrtrgt
agcagecact
gctgeatcca
gacttcactc
cagtatggta
gtggetgeac
gcetotgttg
gtggataacy
gacagcacct
aaagtctacy

aacaggggay

ctgtetttgt
agcagecact
ggtgcatcca
gacttcactc
cagtatggta
gtggctgeac
gecctetgtty
gtggataacy
gacagcacct

aaagtctacg

aacaggggag

tgtgectgct
cecectecaate
acagccetcag
cctgegaagt

agtgt

ctccagggga
tagcctggta
gcagggecac
tcaccatcag
gctcaccgty
catctgtett
tgtgcctget
cectecaate
acagcctcag
cctgegaagt

agrtgt

ctccagggga
taggctggta
gcagggecac
tcaccatcag
gctcacegtg
catctgtett
tgtgeetgct
cecctecaatc
acagectcag
cctgcgaagt

agtgt

pPage 56

gaataacttc
gggtaactee
cagcaccotg

cacccatcag

aagagccace
teageagaaa
cggcatceca
cagactggag
gacgttegge
catcttceey
gaataacttc
gggtaactcc
cagcacccty

cacccatcag

aagagccacc
tcagcagaaa
tggeatccea
caaactggag
gacgttcgge
catctiecey
gaataacttc
gggtaactce
cagcacccty

cacceatcag

420
480
540
600
645

60
120
186
240
300
360
420
480
540
600
645

60
120
180
240
300
360
420
480
540
600
645



<210>
<211>
<212>
<213>

<400>

84
220
PRT
Homo

84

Asp Leu Val
1

Glu

Ser

Pro

Pro

65

Ile

Tyr

Lys

Glu

Phe

145

Gin

Ser

Glu

Ser

Arg

Asn

Pro

50

ASp

Ser

Tyr

Arg

Gin

130

Tyr

Ser

Thr

Lys

Pro
210

<210>
<21l>
<212>

Ala

Asn

35

Lys

Arg

Ser

Asn

The

115

Leu

Pro

Gly

Tyr

His

195

val

85
214
PRY

sapiens

Met

Thr

20

Lys

Leu

Phe

Leu

Thr

100

val

Lys

Arrg

Asn

Ser

180

Lys

Thr

Thr
5
Ile
Asp
Leu
Ser
Glin
85
Pro
Ala
Ser
Glu
Ser
165
L.eu

val

Lys

Gin

Asn

Tyr

1le

Gly

70

Ala

Trp

Ala

Gly

Ala

150

Gln

Ser

TYyr

ser

Ser
Cys
L.ey
Tyr
55

Ser
Glu
The
Pro
Thr
135
Lys
Glu
ser

Ala

Phe
215

Pro

Lys

Ala

40

rp

Gly

ASp

Phe

ser

120

Ala

val

ser

Thr

Cys

200

Asn

AL712WOPCT_ST25

ASp

ser

25

Trp

Ala

Ser

val

Gly

val

Ser

Gln

val

Leu

185

Glu

Arg

Sep
10

Ser
Tyr
ser
Gly
Ala
90

GlIn
Phe
val
Trp
Thr
170
Thr

val

Gly

Leu

Gln

Glin

Thr

Thr

75

val

Gly

Iie

val

Leu

Thr

Glu

Ala

ser

Gin

Arg

60

ASD

Tyr

Thr

Phe

Cys

140

val

Gln

Ser

His

220

Page 57

val

Leu

Phe

Tyr

Lys

Pro

125

Leu

ASp

ASp

Lys

Gln
205

Ser

Leu

30

Pro

Ser

Thr

Cys

val

110

Pro

Leu

Asn

ser

Ala

190

Gly

Pro

15

Tyr

Gly

Gly

Leu

His

95

Glu

ser

Asn

Ala

Lys

175

ASp

Leu

Gly

Ser

Gln

val

Thr

80

Glin

Ile

ASP

Asn

Leu

160

ASp

Tyr

Ser



AL712WOPCT_ST25
<213> Homo sapiens

<400> B85

Asp Ile GIn Met Thr Gin Ser Pro ser Ser Leu Ser Ala Ser val Gly
1 5 10 15

Asp Arg val Thr I7e Thr Cys GIn Ala Ser GIn Asp Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr GIn Gin Lys Pro Gly Lys Ala Pro Lys Leu.ieu Ile
35 40 45

Tyr ?Sp Ala Ser Asn Leu ggu Thr Gly val pro ggr Arg pPhe ser Gly

ser Gly ser Gly Thr Asp Phe Thr phe Thr Ile Ser Ser Leu Gln pro
65 70 75 80

Glu Asp Ile Ala Tgr Tyr Tyr Cys Gln ng Asp Asp Ash Phe ggo Leu
8 90

Thr Phe Gly Gly Gly Thr Lys val Glu Ile Lys Arg Thr val Ala Ala
100 105 110

Pro Ser val rhe Ile Phe Pro Pro Ser Asp Glu Gin Leu LyS Ser Gly
115 120 125

Thr Ala ser val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys val GIn Trp Lys val Asp Asn Ala Leu GIn Ser Gly Asn ser Gln
145 150 155 160

Glu Ser val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr teu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr
180 185 190

Ala Cys Glu val Thr His Gln Gly Leu Ser Ser Pro val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys

210
<210~ 86
<21l> 218
<212> PRT
<213> Homo sapiens
<400> 86

Asp Ile val met Thr 61n Ser Pro Leu Ser teu Pro val Thr pro Gly
page 58



Glu

ASp

Pro

ASD

65

ser

Leu

Thr

Leu

Pro

145

Gly

Tyr

His

val

Pro

Gly

Gin

50

Arg

Arg

Glin

val

Lys

Arg

ASn

Ser

Lys

Thr
210

<210>
<211>
<212>
<213>

<400>

Ala

Phe
Va}
Ile
Ala
115

Ser

Glu

ser

Leu

val
195

Lys

87
219
PRT
Homo

87

Asp Phe val
1

GIn Pro Ala

Ser rle ser
20

His Tyr Leu

L.eu Ile Tyr

Thr Gly Ser
70

Glu Ala Glu
85

Leu Thr phe
100

Ala Pro Ser

Gly Thr Ala

Ala Lys val
150

6ln Glu Ser
165

ser ser Thr
180

Tyr Ala Cys

Ser pPhe Asn

sapiens

metr Thr Gln
5

Ser I'le Ser
20

Cys
ASp
Leu
55

Gly
ASpP
Gly
val
Ser
135
GIn
val

Leu

Thr

Cys

Arg

Trp

40

Gly

Ser

val

Gly

Phe

120

val

Trp

Thr

Thr
val
200

Gly

Pro

Lys

AL712WOPCT_ST25
10

Ser Ser Gln Ser Leu

Tyr

Ser

Gly

Gly

val

Lys

Glu

Leu

185

Thr

Glu

Ley

Ser
25

Leu GIn Lys

Asn Arg Ala
60

Thr Asp phe
75

val Tyr Tyr

90

Thr Lys val

Phe Pro Pro

Cys Leu Leu
140

val Asp Asn

GTn Asp Ser

170

ser tys Ala

His GIn Gly

Cys

10

Pro

45

Ser

Thr

Cys

Glu

Ser

125

Asn

Ala

Lys

Asp

Leu
205

lL.eu
30

Gly
Gly
l.eu
Met
Ile
110
AsSp
Asn
Leu
ASp
TYr
190

sSer

15

His

Gin

va'l

LyS

Gln
95

Lys

Glu

Phe

GIn

sSep

175

Glu

Ser

ser

Ser

Pro

Ile

80

Ala

Arg

Tyr

Ser

160

Thr

Lys

Pro

ser Leu Ser val Thr Pro Gly
15

Ser GIn Ser Leu Leu His Ser
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Asn Gly

Pro Gin
50

ASp Arg
65

ser Arg
Ile Gln
Arg Thr

Gin Leu
130

Tyr Pro
145

Ser Gly
Thr Tyr
Lys His

Pro val
210

<210>
<211>
<212>
<213>
<400>

Asp Ile
1

Glu Pro

Lys

Leu
Phe
val
Leu
val
115
Ly§
Arg
Ash

Ser

88
218
PRT
Homo
88

val

Ala

Asp Gly Asn
35

Thr

Leu

Ser

Glu

Pro

160

Ala

Ser

Glu

ser

Leu

180

va'l

Lys

Tyr

Ile

Gly

Ala

85

Leu

Ala

Gly

Ala

G

165

Ser

Tyr

ser

sapiens

Met

ser
20

Asn

Thr
5
Ile

Tyr

Leu

Tyr

Ser

70

Glu

Thr

Pro

Thr

Ser

Ala

Phe

GIn

Ser

Leu

Tyr
Glu
55

Gly
Asp
Phe
Ser
Ala
135
va'l
ser
Thr

cys

Asn
215

ser

Cys

Asp

Trp

40

val

Ser

val

Gly

val

120

ser

Gin

val

Leu

Glu

200

Arg

Pro

Arg

Trp
40

AL712WOPCT._ST25

phe Leu GlIn Lys Zgo

ser

Gly

Gly

val
Trp
Thr
Thr
185

val

Gly

Leu

ser
25

Tyr

ASN

Thr

val

S0

Gly

Ile

val

Lys

Glu

170

Leu

Thr

Glu

Ser
10

ser

Arg
Asp
75

Tyr
Thr
phe
Cys
val
155
Gin
Ser
His

cys

Leu

Gln

Phe
60

Phe

Tyr

Lys

Pro

Leu

140

Asp

ASp

Lys

GIn

Pro

sSer

Leu GIn Lys

Page 60

Ser

Thr

Cys

val

Pro

125

l.eu

Asnh

Ser

Ala

val

Leu

Gly

Gly

Leu

Met

Glu

110

Ser

Asn

Ala

Lys

Thr

Gln
val
Lys
GIn
95

Ile
AsSp
Asn
Leu
Asp

Tyr

Ser

Pro
15

Pro

Pro

Ile

80

Ser -

LyS

Glu

Phe

Gln

160

ser

Glu

Ser

Gly

Leu Tyr Ser
30

Pro Gly GIn Ser

45



Pro
ASp
65

Ser
Ley
Thr
Leu
Pro
145
Gly
Tyr
His

val

His
50
Arg

Arg

Gin

val

Lys

Arg

ASh

Ser

Lys

Thr
210

<210>
<211>
«212>
<213>

<400>

Leuy

Phe

val

Thr

Ala

115

Ser

Glu

Ser

Leu

val
195

Lys

89
218
PRT
Homao

89

asp Ile val
1

Glu Pro Ala

Leu Ile
ser Gly
Glu Ala
85

L.eu Thr
100

Ala Pro
Gly Thr
Ala Lys
GIn Glu

165

Ser ser
180
Tyr Ala

Ser Phe

sapiens
Met Thr
5

Ser Ile
20

Asp Gly Tgr His Tyr
3

Pro Gin Leu Leu Ile

Tyr

ser

70

AsSp

Phe

Ser

Ala

val

150

Ser

Thr

cys

Asn

Gin

Ser

Leu

Tyr

Leu
55

Gly
ASp
Gly
val
Ser
135
Glin
val
Leu

Glu

Arg

Ser
Cys
ASD

Ley
55

Gly

Ser

val

Gly

Phe

120

val

Trp

Thr

Thr

val
200

Gly

Pro
Arg
Trp
40

Gly

AL712WOPCT..ST25

ser Ash Arg Ala Ser
60

Gly

Gly

Gly

Ile
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Leu

30

Gly

Gly

Leu

Met

Ile
110

Pro

15

His

Gin

val

AsSnh

Gln

85

Lys

Pro

15

His

Gln

val

Asnh

Gin

95

Lys

Gly

sSer

Ser

Pro

ile

80

Ala

Arg

Gly

Ser

ser

Pro

1le

80

Ala

Arg



<400> 102

Asp ITe val
1
Glu Pro Ala

Asp Gly Tyr
35

Pro Gin Leu
50

Asp Arg phe
65

Ser Arg val
Leu Gln Thr

<210> 103
<211> 109
<212> PRT
<213> Homo

<400> 103

Glu Ile val

1 .

Glu Arg Ala

His Leu Gly

35

ITe Tyr Gly
50

Gly ser Gly

65

Pro Glu Asp

Trp Thr Phe

<210> 104
<211l> 109

Met

Ser

20

ASn

Leu

Ser

Glu

Ile
100

Thr
5

Ile
Tyr
ITe
Gly
Ala

85

Thr

sapiens

Met

Thr

20

Trp

Ala

Ser

Phe

Gly
100

Thr
5
Leu
Tyr
Ser
Gly
Ala
85

Gln

Gin

ser

Leu

Tyr

Ser

70

Glu

Phe

GIn

Ser

Gln

Asn

Thr

70

val

Gly

Ser

cys

ASp

Leu

53

Gly

Asp

Gly

Ser

Cys

Gln

Arg

55

ASp

Tyr

Thr

Pro

APy

Trp

40

Gly

Ser

val

Gln

Pro

Arg

Lys

40

Ala

Phe

Ty

Lys
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Leu

ser

25

Tyr

5er

Gly

Gly

Gly

Gly

Ala

25

Pro

Thr

Thr

Cys

val
105

Ser Leu Pro
10

Gly GIn ser
Leu GIn Lys

Asn Arg Ala
60

Thr Asp Phe
75

val Tyr Tyr
90

Thr Arg Leu

Thr Leu Ser
10

ser Gln Ser
Gly Gln Ala

Gly Ile Pro
60

Leu Thr Ile
75

&In GIn Tyr
90

Glu Ile Lys

Page 71

val

l.eu

Pro

45

ser

Thr

cys

Glu

Leu

val

Pro

45

Asp

ser

Gly

Arg

Thr

Leu

30

Gly

Gly

Leu

Met

Ile
110

Ser

ser

30

ATQ

Arg

Lys

Ser

Pro

15

His

Gin

val

Lys

Glin

95

Lys

Pro

15

Ser

Leu

Phe

Leu

Ser
95

Gly

Ser

Ser

Pro

Itle

80

Ala

Arg

Gly

Ser

Leu

ser

Glu

80

Pro



212>
<213>

<400>
Glu 1le val
1

Glu

His

Tle

Gly

&5

Pro

Trp

Arg

Leu

Tyr

ser

Glu

Thr

<210>
<211>
<212>
<213>

<400>

PRT
Homo

104

Ala

Ala

35

Ala

Gly

Asp

Phe

105
109
PRT
Homo

105

Glu Ile val
1

Glu

His

Ile

Gly

65

Pro

Trp

Arg

Leu

Tyr

50

Ser

Glu

Thr

Ala

Gly

35

Gly

Gly

Asp

Phe

sapiens

Leu

Thr

20

Trp

Ala

Ser

rhe

Gly
100

Thr
5
Ley
Tyr
Ser
Gly
Ala
85

Gln

sapiens

Met

Thr

20

Trp

Ala

Ser

Phe

Gly

Thr
5

Leu
Tyr
ser
Gly
Ala

85

Gln

Gln

Ser

GTn

Ser

Thr

70

val

Gly

Gin

ser

Gln

ser

Thr

70

val

Gly

Ser
Cys
Gin
Aryg
55

ASD
phe

Thr

Ser
Cys
Glin
Arg
55

ASD

Tyy

Thr

Pro

Arg

Lys

Ala

Phe

Tyr

Lys

Pro

Arg

40

Ala

Phe

TYr

Lys

AL712WOPCT_ST25

Gly
Ala
25

Pro
Thr
Thr

Cys

val
105

Ala
25

Pro
Thr
Thr

Cys

val
105

Thr Leu Ser
10

Ser Gln ser
Gly Gln Thr

Gly Ile Pro
60

Leu Thr Ile
75

GIn Gln Tyr
90

Glu Ile Lys

v Thr Leu Ser

10

Ser Gln Ser

Gly GIn Ala

Gly 1Ile Pro
60

teu Thr Ile
75

Gin GIn Tyr
0

Glu Ile Lys

page 72

Leu

val

Pro

45

Asp

Ser

Gly

Arg

Leu

val

Pro

45

ASD

Ser

Gly

Arg

Ser

Ser

30

Arg

Arg

Arg

Ser

Ser

Ser

30

Arg

Arg

Lys

Ser

Pro

15

Ser

rhe

Phe

Leu

Ser
95

Pro

15

Ser

Leu

Phe

L.eu

sSer
95

Gly

Ser

Leu

Ser

Glu

80

Pro

Gly

Ser

Leu

Ser

Glu

&0

Pro



<210>
<211>
<212>
<213>

<400>

106
17
PRT
Homo

106

Lys Ser Ser
1

Ala

<210>
<211l
<212>
<213>

<400>

107
11
PRT
Homo

107

Gin Ala Ser
1

<210>
<211>
212>
<213>

<400>

108
16
PRT
HOmMO

108

Arg Ser Ser
1

<210>
<211>
<212>
<213>

<400>

109
16
PRT
Homo

109

Lys Ser ser
1

<210>
<21l>
<212>
<213>

<400>

110
16
PRT
Homo

1iG

Arg Ser Ser
1

<210>
<211>
<212>
<213>

<400>

111
16
PRT
Homo

111

Arg ser Sser
1

sapiens

Gin Ser
5

sapiens

GIn Asp
5

sapiens

Gin Sser
5

sapiens

Gin ser
5

sapiens

Gln Ser
5

sapiens

Glin ser
5

Al712WOPCT_ST25

Leu Leu Tyr Ser Ser Asn Asn Lys Asp Tgr Leu
10 1

Ile Ser

Leu Leu

Leu Leu

L.ey Leu

Leu Leu

Asn Tyr

His Ser

His ser

Tyr Ser

" His ser

Leu Asn

10

Asp Gly Tyr His Tyr Leu Asp
10 15

Asn Gly Lys Thr Tyr Leu Tyr
10 15

Asp Gly Asn Asn Tyr Leu Asp
10 15

Asp Gly Tyr.His Tyr Leu Asp
10 15
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<210>
<211>
<212>
<213>

<400>

112
16
PRT
Homo

112

sapiens

Qrg Ser Ser Gin §er Leu

<210>
<211>
<212>
<213>

<400>

113
16
PRT
Homo

113

sapiens

Arg Ser Gly Gin §er Leu
1

<210>
<211>
<212>
<213

<400>

114
12
PRT
HOMO

114

sapiens

érg Ala ser Gln ger val

<210>
<211>
<212>
<213>

<400>

115
12
PRT
Homo

115

sdpiens

ﬁrg Ala ser Gln ger val

<210>
<211>
<212>
<213>

<400>

116
12
PRT
Homo

116

sapiens

Arg Ala ser Glin ?er val
1

<210>
<211>
<212>
<213>

<400>

117
7

PRT
HoOmo

117

sapiens

Trep Ala Ser Thr Arg Glu
1 5

Al712WOPCT.ST25

Leu His Ser

Leu His Ser

Ser Ser Ser

Ser Ser Ser

ser Ser Sser

ser

Asp Gly
10

Asp Gly
10

His Leu Gly

16

His Leu
10

His teu Gly

10

page 74

Tyr His Tyr Leu Asp
15

Tyr Asn Tyr Leu Asp
15



<210>
<211>
<212>
<213>

<400>

118
7

PRT
Homo

118

Asp Ala ser
1

<210>
<211
<212>
<213>

<400>

119
7
PRT
Homo

119

Leu Gly Ser
1

<210>
<211>
<212>
<213>

<400>

120
7

PRT
Homo

120

Glu val ser
1

<210>
<211>
<212>
«213>

<400>

121
7
PRT
Homo

121

Leu Gty ser
1

<210>
<211>
<212>
<213>

<400>

122
7

PRT
Homo

122

Leu Gly ser
1

<210>
<21l>
<212>
<213>

<400>

123
7
PRT
Homo

123

Leu Gly Ser
1

<210
<211>

124
7

sapiens

Asn Leu
5

sapiens

Asn Arg
5

sapiens

Asn Arg
5

sapiens

Asn Arg
-5

sapiens

ASn Arg
5

sapiens

AsSn Arg
5

Glu Thr

Ala Ser

rhe Ser

Ala Ser

ata ser

Ala ser

AL712WOPCT_ST25
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<212> PRT
<213> Homo sapiens

<400> 124

Eeu Gly Ser Asn érg Ala ser

<210> 125
<21l> 7

<212> PRT

«213> Homo sapiens

<400> 125

g?y Ala Ser Asn érg Ala Thr

<210> 126

<21ll> 7

<212> PRT

<213> Homo sapiens

<400> 126

Ala ala Ser Ser Arg Ala Thr
1 5

<210> 127

<211> 7

«<212> PRT

<213> Homo sapiens

<400> 127

Gly Ala Ser Ser @rg Ala Thr
i

<210> 128

<211> 9

<212> PRT

<213> Homo sapiens

<400> 128
?15 Gln Tyr Tyr ?sn Thr Pro Trp Thr

<210> 129

<211> 9

<212> PRT

<213> Homo sapiens

<400> 129

%1n Gln Asp Asp ésn phe Pro Leu Thr

<210> 130
<211> 8
<212> PRT
<213> Homo sapiens
Page 76
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<400> 130
?et Gin Ala Leu g?n Ile teu Thr

<210> 131

<21l> 9

<212> PRT

<213> Homo sapiens

<400> 131

?et Gln ser Ile Gin Leu Pro Leu Thr
5

<210> 132

<211> 8

«<212> PRT

<213> Homo sapiens

<400> 132

get GIn Ala Leu ng Thr Leu Thr

<210> 133

211> 8

<212 PRT

<213> Homo sapiens
<400> 133

?et Gin Ala Leu g?n Thr Leu Thr

<210> 134

<211> 8

<212> PRT

<213> Homo sapiens
<400> 134

Qet Gln Ala Ley gin Thr Leu Thr

<210> 135

<211> 8

<212> PRT

<213> Homo sapiens
<400> 135

?et GIn Ala Leu §1n Thr Tle Thr
. 2

<210> 136

<211> 9

<212> PRT

<213> Homo sapiens
<400> 136

Page 77
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Gin GIn Tyr Gly Ser Ser Pro Trp Thr
1 5

«210> 137
<211l> ¢
<212> PRT
<213>
<400> 137

Homo sapiens

g?n GIn Tyr Gly ger Ser Pro Trp Thr

<210> 138
<211l> 9
<212> PRT
<213>
<400> 138

Homo sapiens

GIn GIn Tyr Gly Ser Ser Pro Trp Thr
1 5

<210>
<211>
<212>
<213>

<400> 139
caggtgcage

139
1335
DNA

tcctgtacag
ccaggeaagy
gcagactcecg
ctgcaaatga
gcggaacagy
agcaccaagg
acageggecce
aactcaggeg
ctcractcco
acctgcaacy
tgttgtgtcg
ttccecccaas
gtggtggacy
gaggtgcata
gtcagegtcc
grectecaaca

cccegagaac

Homo sapiens

tagtggagte
cgtctggatt
ggctggagty
tggagggecy
acagcctgag
ggttcatcga
gcccateggt
tgggctgect
ctctgaccag
tcagcagegt
tagatcacaa
agtgeccace
aacccaagga
tgagccacga
atgccaagac
Tcaccgttgt
aaggcctece

cacaggtgta

tgggggagyc
cacctreagt

ggtgacaatt
cttcaccatc
agccgaggac
tctctgyggc
cttecceety
ggtcaaggac
cggegegeac
ggtgaccgty
gcecageaac
gtgcccagea
cacccteaty
agaccccgag
aaagccacgy
gcaccaggac
agccececate

caccetgece

gtggtccage
agccatggea
atatggtttyg
tccagagaca
acggctgtet
cgrggcaccec
gegeectget
tacttecoceyg
acctteccag
ccotecagea
accaagygray
ccacctgtog
atcteccgga
gtccagttca
gaggagcagt
tggctgaacy
gagaaaacca

ceatcecgyy

ctgggaggtc
tgcactgggt

atggaaataa
attccaagaa
attactgtgc
tggtcactgt
ccaggageac
aaccggtgac
ctgtcctaca
acttcggcac
acaagacagt
caggaccgtc
ccectgaggt
actggtacgt
tcaacageac
gcaaggagta
tctccaaaac

aggagatgac

Page 78

cctgagacte
ccgecagger
taaatactat
cacgctgttt
gagagagggg
ctceteaget
ctccgagage
ggtgtcgtyg
gtcctcagga
ccagacctac
tgagcgcaaa
agrettecte
cacgtgegtyg
ggacggcoty
gttcegtgty
caagtgcaag
caaagggcag

caagaaccag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960

1020
1080



gtcageetga
agcaatgggc
tocCertettee
ttcteatget
ctgteteegy
<210>
<211>
<212>
<213> Homo

<400> 140
gaggtgcage

tectgtgeag

140
1347
DNA,

acaggaaaag
ggctccgtga
caaatgaaca
tggagegacy
gtctectcag
acctcecgaga
acggtgtcgt
cagtcctcag
acccagacct
gttgagegea
tecagtettee
gtcacgtgeg
gtggacggcg
acgttecgty
tacaagtgca
accaaagggce
accaagaacce
gtggagtggy
gactccgacg

caggggaacyg
aagagectet

<210>

<211>
<212>

141
1347
DNA

ccrgectggt
agccggagaa
tctacagcaa
ccgtgatgea

gtaaa

sapiens

tggtggagtc
cctctggatt
gtctggagtg
agggccgatt
geetgagayc
acgactacta
ctagcaccaa
gcacageggce
ggaactcagy
gactctacte
acacctgcaa
aatgtrgtgr
tcetteeeece
tggtggtgga
tggaggtyca
tggtcagegt
aggtctccaa
agccocgaga
aggtcagect
agagcaatgg
gctocttett
tertetcaty

cectgtetec

caaaggctrte
caactacaag
geteaccgty

tgaggetcty

tgggggaggc
caccttcagt

ggtctecaagt
caccatctee
cggggacacyg
ctacggtttg
gggcccatcg
cctgggetge
cgctetgace
ccteageage
cgtagatcac
cgagtgeeca
aaaacccaag
cgtgagecac
taatgccaag
cotcaccgty
caaaggectc
accacaggtg
gacctgeety
gcagecggay
cectetacage
crcegtgaty

gogtaaa

AL712WOPCT..ST25

taccecageg
accacacctc
gacaagagca

cacaaccact

ttggtacaac
accttcgaca
attgatactg
agagaaaatg
gctgtgtatt
gacgtcrgag
gtctteecee
ctggtcaagg
ageggegtge
grggtgaccy
aagcccagea
ccgtgeecag
gacacccrca
gaagaccccg
acaaagccac
gtgcaccagg
ccagececcea
tacaccctye
gtcaaagget
aacaactaca
aagctcaccy

catgaggetc

acatcgeegt
ccatgctgga
ggtggcagea

acacgcagaa

£tggggggtc
tgcactgggt

aaggagacac
ccaggaactc
actgtacaag
gccaagggac
tggegeecty
actactteec
acaccttecee
tgececteeag
acaccaaggt
caccacctgt
tgatcteecy
aggtccagtt

gggaggagca

actggctgaa:

tegagaaaac
ccceateeeg
tctaccecag
agaccacace
tggacaagag

tgcacaacca

pPage 79

ggagtgagag
ctecgacgge
ggggaacgtc
gagcctctec

cctgagactc
cecgeeaaget
atactattca
cttgtatctt
aggegaggac
cacggtcacc
ctcecaggage
cgaaccgyty
agctgtccta
caacttegygc
ggacaagaca
ggcaggaccyg
gacccctgag
caactggtac

gttcaacagc

‘tgycaaggag

catctccaaa
ggaggagatg
cgacatcgec
tcccatgetg
caggtagcag

ctacacgeag

1140
1200
1260
1320
1335

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1347



<213> tHomo sapiens

<400> 141
gaggtgcaac

teetgtycag
ccaggaaaaqg
ggctecgtga
caaatgaaca
tggagcgacy
gtctccteag
acctcecgaga
acggtgtegt
cagtcctcag
acccagacct
gttgagcgca
teagtettee
gtcacgtgceg
-gtggacggcg
acgticegtg
tacaagtgca
accaaagggce
accaagaacc
gtggagtogg
gactcegacy
caggggaacyg

aagagectct

<210>
<211>
<212>
<213>

<400>

142
445
PRT

142

tggtggagtc
cctcrggatt
gtcrggagty
agggccgatt
gcctgagage
acgactacta
ctagcaccaa
gcacagegge
ggaactcagg
gactctacte
acacctgcaa
aatgrtgtgt
tctteeceee
tggtggtgga
tggaggtgca
tggtcagegt
aggtctccaa
agceccgaga
aggtcagect
agagcaatgg
gcteetteott
tctteteaty

ceetgtetec

Homo sapiens

taggggagygc
caccttcagt

gatctcaagt
caccatctee
cggggacacg
ctacggtttg
gggeccatey
cectgggctge
cgetetgace
ccrteageage
cgtagatcac
cgagrgeeea
aaaacccaag
cgtgageceac
taatgccaay
ccteaccgtt
caaagyccte
accacaggtg
gacctgecty
gcagccggag
cetetacage
ctcegtgatg

gggtaaa
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ttggtacage
accttcgaca
attgatactg
agagaaaatg
gctgtgtatt
gacgtctygy
gtectteecec
ctggtcaagy
ageggcgtoc
gtggtgaccg
aagcccagea
cecgtycecag
gacaccctea
gaagaccceg
acaaageceac
gtgcaccagy
ccageceeca
tacaccctge
gtcaaagget
aacaactaca
aagetcaccy

catgaggcetc

ctggggggrc
tgcactgggt
aaggagacac
ccaggaactc
actgtacaag
gccaagggac
tggcgeectg
actacttece
acaccttece
tgeeetcecay
acaccaaggt
caccacctgt
tgatcteccy
aggtccagtt
gggaggagca
actggctgaa
tcgagaaaac
ccecateeeg
tctaccecag
agaccacacc
tggacaagag

tgcacaacca

cctgagactc
ccgecaagtt
atactatcca
cttgtatctt
aggrgaggac
cacggtcacc
ctecaggage
cgaaceggty
agctgtecta

caacttegge

ggacaagaca.

ggcaggaccy
gacccctgag
caactggtac
gticaacagc
cggcaaggag
catctccaaa
ggaggagatg
cgacatcgee
tceccatgetg
caggtggeag

ctacacgcag

GIn val G¢in Leu val Glu ser Gly Gly Gly val val Gln Pro Gly Arg
1 5 10 15

ser Leu Arg lLeu Ser Cys Thr Ala ser Gly Phe Thr Phe Ser Ser His
20 25

Gly Met ggs Trp val Arg GIn Aga Pro Gly Lys Gly Zgu Glu Trp val
4

rPage 80

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1347



Thr
Glu
65
Leu
Ala
Thr
Pro
Gly
Asn
YGTn
ser
Ser
cys
225
Phe
val
Phe

Pro

Thr
305

Ile

50

Gly

Glin

Arg

Leu

Leu

130

Cys

ser

ser

Asn

Asnh

210

Pro

Pro

Thr

Asn

Arg

290

val

Tle

ATg

Met

Glu

vail

115

Ala

Leu

Gly.

Sar

Phe

195

Thr

Pro

Pro

Cys

Trp

Glu

val

Trp

Phe

Asn

Gly

100

Thr

Pro

val

Ala

Gly

Gly

Lys

Cys

LyS

val

260

TYr

Glu

His

Phe

Thr

Ser

85

Ala

val

cys

Lys

Ley

165

Leu

Thr

val

Pro

Pro

245

val

val

GIn

Gin

Asp
Ile
70

Lel
Glu

Ser

Ser

Tyr

Glin

ASD

Ala

230

Lys

val

ASp

Phe

ASp
310

Gly

55

Ser

Arg

Gln

ser

Arg

135

Tyr

Ser

ser

Thr

ASD

ASp

Gly

Asn

285

Trp

Asn

Arg

Ala

Gly

Ala

120

Ser

Phe

Gly

Ley

Tyr

200

Thr

Pro

Thr

val

val

280

Ser

Leaey

ALl712WOPCT._ST2Z25

Asn Lys Tyr Tyr Ala
60

ASp

Glu

Phe

105

Ser

The

Pro

val

Ser

185

Thr

va'l

val

Leu

ser

265

Glu

Thr

Asn

Asn

Asp

90

Ile

Thr

s5er

Glu

His

170

ser

Cys

Glu

Ala

Met

250

His

val

rhe

Gly

Ser
75
Thr
Asp
Lys
Glu
Pro
155
Thr
val
Asn
Arg
Gly
Ile
Glu
His
Arg

Lys
315

Lys

Ala

Leu

Gly

Ser

140

val

pPhe

val

va'l

Ser

ASp

Asn

val

300

Glu

Page 81

Asn

val

Trp

Pro

125

Thr

Thr

Pro

Thr

205

cys

ser

Arg

Pro

Ala

285

val

Tyr

ASP

Thr

Tyr

Gly

Ser

Ala

val

Ala

val

190

His

Cys

val

Thr

Glu

270

Lys

ser

Lys

Ser

Leu

TYr

95

Arg

val

Ala

Ser

val

175

Pro

Lys

val

Phe

Pro

255

val

Thr

val

Cys

val

Phe

80

Cys

Gly

Phe

Leu

Trp

160

Leu

sSer

Pro

Glu

Leu

240

Glu

Gin

Lys

.eu

Lys
320



val Sser

Thr Lys

Arg Glu

Gly pPhe
370

Pro Glu
385

ser pPhe

Gln Gly

His Tyr

<210>
<211>
<212>
<213>
<400>
Glu val
1

Ser Leu

Asp Met

Ser Ser
50

Gly Arg
65

Gin Met

ASn

Gly

Glu
355

Tyr

ASN

Phe

Asn

Thr
435

143
449
PRT
Homo

143
Glin
Arg
His
35
Ile

phie

Ash

Arg Gly 6lu

Lys
Glin
340
Met
Pro
Asnh
Ley
val
420

Gin

Gly

Pro

Thr

ser

Tyr

TYr

405

Phe

Lys

sapiens

Leu
Leu
20

Trp
ASD

Thr

ser

AS
100

va'l
5

ser
val
The
ile

Leuy
85

p Trp

Leu

Atg

Lys

Asp

LyS

Ser

Ser

Ser

Glu

cys

Arg

Glu

Sar

70

Arg

sSer

Pro

Glu

Asn

Ite

375

Thr

Lys

Cys

l.eu

ser

Ala

Glin

Gly

55

Arg

Ala

ASD

Ala

Pro

Glin

360

ala

Thr

Leu

Ser

ser
440

Gly

Ala

Ala

40

ASp

Gly

Gly

ASD

AL712WOPCT_ST25

Pro Ile Glu Lys Thr

Gin
345
val
val
Pro
Thr
val
425

L.eu

Gly

ser

25

Thr

Thr

AsSn

ASp

105

330

val

ser

Glu

Pro

val

410

Met

sSer

Gly
10

Gly
Gly
Tyr
Ala
Thr
a0

Tyr

Tyr

Leu

Trp

Met

395

ASD

His

Pro

Leu

phe

Lys

Tyr

Arg

75

ala

TYF

Thr

Thr

Glu

380

Let

Lys

Glu

Gly

val

Thr

Gly

ser

60

ASH

val

Tyr

pPage 82

Leu

cys

365

Ser

ASD

ser

Ala

Lys
445

Gln

rhe

Leuy

45

Gly

sSer

Tyr

Gly

Pro

350

Leu

Asn

ser

Arg

Leu
430

Pro

Ser

30

Glu

ser

Leu

TYYE

Leu
110

ser
335
Pro
val

Gly

ASp

Gly
15

Thr
Trp
val
Tyr
Cys
95

Asp

Lys

Ser

Lys

Glin

Gly

400

Gin

Asn

Gly

phe

val

Lys

ey

80

Thr

val



Trp

Pro

Thr

145

Thr

Pro

Thr

Asp

225

ser

Arg

Pro

Ala

val

305

Tyr

Thr

Leu

Cys

Gly
ser
130
Ala
val
Ala
val
His
210
Cys
val
Thr
Glu
Lys

Ser

1ile
Pro

Leu
370

Gin

115

val

Ala

Ser

val

Pro

195

Lys

val

Phe

Pro

val

275

Thr

val

cys

ser

Pro

355

val

Gly

Phe

Leu

Trp

Leu

180

ser

Pro

Glu

Leu

Glu

260

GIn

Lys

Ley

LYS

Lys

340

Ser

Lys

Thr

Pro

Gly

Asn

165

Glin

Ser

Ser

cys

Phe

245

val

Phe

Pro

Thr

val

325

Thr

Arg

Gly

Thr

Leu

Cys

150

ser

Ser

ASn

ASn

Pro

230

Pro

Thr

Asn

Arg

val

310

Ser

Lys

Glu

Phe

val

Ala

135

Leu

Gly

ser

phe

Thr

215

Pro

Pro

Cys

Trp

Glu

295

val

ASn

Gly

Glu

Thr

120

PO

val

Ala

Gly

Gly

Lys

Cys

LysS

vatl

Ty

Glu

His

LysS

Gln

Met

360

Tyr
375

Pro

AL712WOPCT_ST25
val Ser Ser Ala Ser

Cys

Lys

Leu

Leu

185

Thr

val

Pro

Pro

val

265

val

Gln

Gln

Gly

Pro

345

Thr

ser

Ser

AsSp

Thr

170

Tyr

GIn

ASp

Ala

ASD

phe

Asp

Leu

330

Arg

Lys

Asp

Arg

Tyr

ser

Ser

Thr

Lys

pro

235

ASD

ASD

Gly

Asn

315

Pro

Glu

Asn

Ile

Ser
140
Phe
Gly
ey
Tyr
Thr
220
PIro
Thr
VaW

val

Ser
300
Leu
Ala
Pro

Gin

Ala
380
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125

Thr

Pro

val

Ser

Thr

205

val

val

Leu

ser

Gl

285

Thr

Asn

Pro

Gin

val

365

val

Thr

ser

Glu

Ser

190

cys

Glu

ala

Met

His

270

val

Phe

Gly

Ile

val

350

Ser

Glu

Lys

Glu

Pro

Thr

175

val

Ash

Arg

Gly

Ile

Glu

His

APg

Lys

Glu

335

TYr

Leu

Trp

Gly

Ser

val

160

Phe

val

val

Lys

Pro

249

Ser

ASP

Ash

val

Glu

320

LYS

Thr

Thr

Glu



Ser
385
AsSp

ser

Lys

Ash

ser

Arg

Leu

<210>
<2L1l>
<212>
<213>

<400>

Gly

ASD

Trp

His
435

144
449
PRT
Homo

144

Glu val Gln
1

Ser

AsSp

ser

Gly

65

Glin

Arg

Trp

Pro

Thr

145

Thr

Leu

Met

ser

50

Arg

Met

Gly

Gly

ser

130

Ala

val

Arg

His

35

Ile

Phe

Asn

Glu

GTn

115

val

Ala

Ser

GIn
Gly
Glin
420

Asn

Pro

Seyr

405

Gln

His

sapiens

L.eu

Leu

20

Trp

ASp

Thr

ser

ASD

Gly

Phe

Leu

Trp

val

5

Ser

val

Thr

Ile

Ley

85

Trp

Thr

Pro

Gly

Asn

Glu
390
phe

Gly

TYFR

Glu

Cys

Arg

Glu

Ser

70

Arg

ser

Thy

Leu

Cys

150

Ser

AsSn

rhe

Asn

Thr

Ser

Ala

Gin

Gly

55

Arg

Ala

ASD

val

Ala

135

Leu

Gly

AsSn

Leu

val

GIn
440

Gly

Ala

val

40

AsSp

Glu

Gly

ASp

Thr

120

Pro

val

Ala

AL712WOPCT_ST25
Tyr Lys Thr Thr Pro

Tyr
Phe

425

Lys

Gly

Ser

25

Pro

Thr

ASH

ASp

Cys

Lys

Leu

395

Ser Lys Leu Thr

410

ser Cys Ser val

Ser Leu Ser Leuy

Gly Leu
10

Gly Phe

Gly Lys

Tyr Tyr

Ala Arg

75

Thr Ala
80

Tyr Tyr

sSer Ser

Ser Arg

ASp Tyr

155

Thr Ser

val
Thr
Gly
Pro
60

AsSh
val
Tyr
Ala
Ser
140

phe

Gly

Page 84

445

Gln

Phe

Ley

45

Gly

Ser

Tyr

Gly

ser

125

Thr

Pro

val

Pro

val

Met

430

Ser

Pro

Ser

30

Glu

Ser

Leu

Tyr

Leu

110

Thr

Ser

Glu

His

Met

Pro

Gly
15

Thr
Trp
val
Tyr
Cys
95

Asp
LYyS
Glu

Pro

Thr

Leu
400
Lys

Glu

Gly

Gly

phe

Ile

Lys

Ley

80

Thr

val

Gly

Ser

va'l

160

Phe



Pro

Thr

ASp

Arg

Pro

Ala

val

305

Tyr

Thr

Leuy

Cys

Ser

385

ASp

Ser

Ala

Ala

va’l

His

210

cys

val

Thr

Glu

Lys

Ser

LYS

Ile

Pro

Leu

370

Asn

Ser

Arg

Leu

val

Pro

195

Lys

val

Phe

Pro

val

275

Thr

val

cys

Ser

Pro

355

val

Gly

Asp

Trp

His

Leu

180

Ser

Pro

Glu

Leu

Glu

260

Glin

Lys

Leu

Lys

Lys

340

ser

Lys

Gln

Gly

Gin

420

Ash

165

Gln

Ser

Ser

Cys

Phe

245

val

Phe

Pro

Thr

val

325

Thr

Arg

Gly

Pro

Ser

405

Gln

His

Ser

ASNn

Asn

Pro

230

Pro

Thr

ASn

Arg

val

310

Ser

Lys

Glu

Phe

Glu

390

rhe

Gly

Tyr

Ser

Phe

Thr

215

Pro

Pro

Cys

Trp

Glu

295

val

Asn

Gly

Glu

TYP

375

ASn

Phe

Asn

Thr

Lys

Cys

Lys

val

Tyr

Glu

His

Lys

GIn

Met

360

Pro

Asn

Leu

val

Gin

AL712WOPCT_ST25

170

Leu Tyr Ser Leu ser

185

Thr

val

Pro

Pro

val

265

val

Gln

GIn

Gly

Pro

345

Thr

Ser

TYr

Tyr

Phe

425

Lys

Gln

Asp

Ala

ASD

Phe

ASD

leu

330

Arg

Lys

AsSp

Lys

ser

410

Ser

Thr

Lys

Pro

235

Asp

Asp

Gly

Asn

315

Pro

Glu

Asn

Ile

Thr.

395

Lys

Cys

Tyr

Thr

220

Pro

Thr

val

val

sep

300

Leu

Ala

Pro

Gln

Ala

380

Thr

Leu

Ser

Ser Leu Ser
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Thr

205

val

val

Leu

Ser

Glu

285

Thr

Asn

Pro

Gln

val

365

val

Pro

Thr

val

feu

Ser

190

Cys

Glu

Ala

Met

His

270

val

Phe

Gly

Ile

va'l

350

Ser

Glu

Pro

val

Met

430

Ser

175

val

Asn

Arg

Gly

Ile

Glu

His

Arg

Lys

Glu

Tyr

Leu

Trp

Met

415

His

Pro

val

val

Lys

Pro

240

Ser

ASp

Asn

val

Glu

320

Lys

Thr

Thr

Glu

leu

400

Lys

Glu

Gly



435

Lys

<210>
<211>
<212>
<213>

<400>

145
119
PRT
Homo

145
Gln val Gln
1

ser

L.eu Arg

His
35

Gly Met

Ile Ile

50

Thr

Glu
85

Gly Arg

Leu Gin Met

Ala Arg . Glu

Leu val
115

Thr

<210
<211>
<212
<213>

<400>

146
123
PRT
Homo
146

Glu val Gin

1

ser Leu Arg

ASp Met His
35

Ser ser Ile

sapiens

val
5

Leu

Leu ser

20

Trp val

Trp Phe

rhe Thr

Asn Ser

85

Gly Ala

Thr val

sapiens
Leu val

5
Leu Ser
20

Trp val

Asp Thr

Glu

Cys

Arg

ASD

Ile

70

L.eu

Glu

Ser

Glu

cys

Arg

Glu

Ser

Thr

Glin

Gly

55

Ser

Arg

Gin

Ser

sSer

Ala

Gln

Gly
55

440

Gly

Ala

Ala

40

ASN

Arg

Ala

Gly

Gly
Ala
Ala
40

ASD

Al712WOPCT_ST254

Gly

Ser

25

Pro

Ash

ASp

Glu

Phe
105

Gly
Ser
25

Thr

Thr

Gly val val

10

Gly Phe Thr

cly tys Gly

Lys Tyr Tyr

60

Ser
75

Asn Lys

Asp Thr Ala

90

ITe Asp Leu

gly Leu val
10

Gly pPhe Thr
Gly Lys Gly

ser
60

Tyr Tyr

Page 86

45

Gln

Phe

Leu

45

Ala

Asn

val

Trp

Gin
Phe
Ley
45

Gly

Pro

Ser

30

Glu

ASp

Thr

Tyr

Gly

Pro
Ser
30

Glu

Ser

Gly
15

Ser
Trp
Ser
Leuy
Tyr
95

APy

Gly
15
Thr

Trp

val

Arg

His

val

val

Phe

80

Cys

Gly

Gcly

Phe

val

Lys



Gly Arg phe
65

Gln Met Asn

Arg Gly Glu

Trp Gly GIn

<210>
<211>
<212>
<213>

<400>

115

147
123
PRT
Homo

147

Glu val G1n
1

Ser

Asp

Ser

Gly

65

GIn

Arg

Trp

Leu

Met

sSer

50

Arg

Met

Gly

Gly

<210>
<211>
<212>
<213>

<400>

Arg

His
35

ITe

phe

ASD

Glu

GIn
115

148
3
PRT
Homo

148

ier His Gly

<210>

149

Thr
Ser
ASp
100

Gly

Ile

Leu

85

Trp

Thr

sapiens

Leu

Leu

20

Trp

Asp

Thr

ser

100

Gly

val

5

Ser

val

Thr

ile

Leu

85

Trp

Thr

sapiens

Met

His
5

Ser
70
Arg

Ser

Thr

Glu

Cys

Arg

Glu

Ser

70

Arg

Ser

Thr

Arg

Ala

ASD

val

Ser

Ala

GIn

Arg

Ala

AsSp

val

Glu

Gly

ASp

Thr
120

Gly

Ala

val

40

ASD

Glu

Gly

Asp

Thr
120

A1712WOPCT_ST25

Asn Ala Arg Asn Ser Leu
75

ASp

Asp

val

Gly

ser
25

Pro

Tht

Asn

ASP

ASp

105

Val

Thr Ala val Tyr Tyr

90

Tyr Tyr Tyr Gly Leu

Ser ser

Gly Leu val
10

Gly phe Thr

Gly Lys Gly

Tyr Tyr Pro
60

Ala Arg Asn
75

Thr Ala val
90
Tyyr Tyr Tvr

Ser Ser

Page 87

Gin

Phe

Leu

45

Gly

Ser

Tyr

Gly

110

Pro

Ser

30

Glu

Ser

Leu

Tyr

Ley
110

Tyr

Gly
15

Thr
Trp

val

Tyr

Leu
80
The

val

Gly
phe
Ile
Lys
Leu
80

Thre

val



<211>
<212>
<213>

<400>

5
PRT
Homo

148

Thr Phe Asp
1

<210>
<211>
<212>
<213>

<400>

150
5
PRT
Homo

150

Ihr Phe Asp

<210>
<211>
<212>
<213>

<400>

151
17
PRT
Homo

151

%Te Ile Trp

Gly

<210>
<211>
<212>
<213>

<400>

152
16
PRT
Homo

152

Ser Ile Asp
1

<210>
<211>
<212>
<Z13>

<400>

153
16
PRT
Homo

153

%er Ite Asp

<210>
<211>
<212>
«213>

<400>

Glu Gly Ala
1

154
10
PRT
Homo

154

AL712WOPCT.STZ25

sapiens

Met His
5

sapiens

Met His
5

sapiens

rhe ?sp Gly Asn Asn Lys Tyr Tyr Ala Asp Ser val Glu
10 15

sapiens

Thr g%u Gly Asp Thr Tyr I%r Ser Gly Ser val Lys Gly
15

sapiens

Thr g?u Gly Asp Thr Tyr Tyr Pro Gly Ser val Lys Gly
10 15

sapiens

Glu GIn Gly Phe Ile Asp Leu
5 10

page 88



<2310> 155
<211> 15

<212> PRT
<213>

<400> 155

Homo sapiens

AL712WOPCT_STZ25

g?y Glu Asp Trp ?er ASp AP ASP Tyr Tyr Tyr
10

<210> 156
<211> 15

<212> PRT
<213>

<400> 156

Homo sapiens

g?y Glu Asp Trp §er ASp ASp ASp Tyr {yr Tyr
0

<210>
<211>
«212>
<213>

<400> 157
gacatccaga

157
642
DNA

atcacttgcec
gggaaageee
aggrtcagtg
gaagatattg
gggaccaagg
tctgatgage
cecagagagy
gagagtgtca
ctgagcaaag
ctgagetege
<210>
<21l>
<212>
<213>

<400> 158
aatattgtga

158
654
DNA

atctectgea
tacctgeaga
tctggagtgce
agceggatag

Homo sapiens

tgacceagEc
aggcgagtca
ctaagctect
gaagtggatc
caacatatta
tggagatcaa
agttgaaatc
ccaaagtaca
cagagcagga
cagactacga

cegtcacaaa

Homo sapiens

tgacccagac
agtctagtca
agccaggeea
cagataggtt
aggcrgaaga

tecatectee
ggacattage
gatctacgat
rgggacagat
ctgtcaacag
gcgaacggtg
tggaactycc
gtggaaggtyg
cagcaaggac
gaaacacaaa

gagcttcaac

tecactetet
gagcctecty
gccteeacag
cagrtggeage
tgttgggott

ctgtctgeat
aactatttaa
gcatccaatt
tttactttca
catgataatc
getgeaccat
tctgttgtygt
gataacgceec
agcacctaca
gtctacgect

aggggagagt

ctgteegtca
catagtgatg
ctectgatet

dggtcaggga
tattactgca

Gly Leu Asp val
15

Gly Leu Asp val
i5

ctgtaggaga
attggtatca
tggaaacagyg
cecatcagegg
teceegeteac
ctgtotteat
geetygetgaa
tcecaateggg
gcctcageag
gegaagtcac

gt

ccectggaca
gaaagaccta
atggagtttc
cagatttcac

tgcaaagttt

rage 89

cagagtcacc
ccagaaacca
ggtcccatea
ccrgeagect
tttcggegga
ctteccgeca
taacttcrat
taactcccag
caccctgacy

ccatcaggge

gecggeetee
tttattttgg
caaccggrtc
actgaaaatc

acagctattc

60
120
180
240
300
360
420
480
540
600
642

60
120
180
240
300



actrtcgygec
atcrteeccge
aataacttct
ggtaactcecee
agcacectga
acccatcagg
<210>
<211>
<212>
<213> Homo

<400> 159
aatattgtoa

159
657
DNA

atctecctgea
tacctgeaga
tctggagtge
ageegggtygg
acttteggec
ttcatcttce
ctgaataact
tcgggtaact
agcagcaccec
gtcacccatc
<210>
<211>
<212>
<213>
<400>

160
214
PRT

160
Asp ITe Gin
1

Asp Arg val

Leu Asn Trp
35
Tyr Asp Ala
50

ser Gly Ser
65

Homo

ctyggaccaa
catctyatga
atcccagaga
aggagagrgt
cgctgageaa

gcctgagetce

sapiens

tgacccagac
agtctagtca
ageecaggeea
cagataggtt
aggctgaaga
ctgggaccaa
cgeccatctga
tctatcccay
cccaggagag
tgacgetgag
agggcectgag

sapiens

Met Ehr Glin

Thr 17e Thr
2

Tyr His Gln
Ser Asn Leu

Gly Thr Asp
70

agtggagatc
gcagttgaaa
ggccaaagta
cacagagcag

agcagactac

-gccegtcaca

tececactetet
gagcetectg
gcetccacag
cagtggcagce
tgttggggtt
agtggatatc
tgagcagtty
agaggccaaa
tgtcacagag
caaagcagac

ctegecegtce

Ser Pro

cys Gln

Pro
40

Lys

Glu Thr

55

phe Thr

ser
Ala
25

Gly

Gly

phe

ALl712WOPCT.ST25

aagcgaacyg
tctggaactg
cagtggaagy
gacagcaagg
gagaaacaca

aagagettea

ctgtcegtea
catagtgaty
ctcctgatct
gggtcaggga
tattcctgea
aaacgacgta
aaatctggaa
gracagrgga
caggacagca
tacgagaaac

acaaagaget

Ser Leu

10

ser Gln

Lys Ala

val Pro

Thr Ile
75

tggctgcace
cctctgtigt
tggataacgce
acagcaccta

aagtctacge

acaggggaga

cecectggaca
gaaagaccta
atggagtrtic
cagatttecac
tgcaaagrtt
cggtggetyc
ctgectetgt
aggtggataa
aggacagcac
acaaagtcta

tcaacaggay

ser Ala Ser

Ser
30

Asp Ile

Pro Lys Leu

45

ser Arg Phe
60

ser Gly Leu

Page 90

atctgtette
gtgcctgety
cctecaatcy
cagecctcage
ctgcgaagtc
gtgt

gecggectee
trtattttyy
caaccggtte
actgaaaatc
acagctattc
accatctgte
tgtgtgectg
cgeccteeaa
ctacagecte
cgectgegaa

agagtgt

val
15

Asn Tyr

Leu Ile

ser Gly

GIn Pro

80

360
420
480
540
600
654

60
126
180
240
300
360
420
480
540
600
657



Glu Asp Ile
Thr pPhe Gly

Pro ser val
115

Thr Ala ser
130

Lys val Gln
Glu Ser val
Ser Thr Leu

Ala Cys Glu
195

Phe Asn Arg
210

<210> 161
<211> 218
<212> PRT
<213> Homo

<400> 161

asn Ile val

1

Gin Pro Ala

Asp Gly %ys

Pro Gln Leu
50

Asp Arg pPhe
65

ser Arg val

Ala

Gly

Phe

val

Trp

The

Thr

180

val

Gly

Thr

85

Gly

Ile

val

Lys

Glu

165

Leu

Thr

Glu

sapiens

Met

Ser

20

Thr

Leu

ser

Glu

Thr

5

Ile

Tyr

Ile

Gly

Ala
85

Tyr

Thr

Phe

cys

val

150

Gin

Ser

His

cys

Glin

Ser

Leu

Tyr

ser

70

Glu

Tyr

L.ys

Pro

Ley

135

Asp

ASp

Lys

Gln

Thr

Cys

Phe

Gly

55

Gly

ASp

Ccys
val
Pro
120
Leu
ASh
ser

Ala

Gly

Pro
Lys
Trp
490

val
ser

val
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Gln

Glu
105

Ser

‘Asnh

Ala
LYS
ASD
185

Leu

Leu

Ser

25

Tyr

Ser

Gly

Gly

Gln His Asp Asn
90

Ile

Asp

Asn

Leu

Ser

Ser

10

Ser

Leu

Asn

Thr

val
S0

Lys Arg
Glu GIn
Phe Tyr

140

Glin ser
155
Ser Thr

Glu Lys

Ser Pro

Leu Ser

Gln Ser

Gln Lys

Arg Phe
60

Asp Phe
75

TYyr Tyr
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Thr

Ley

125

Pro

Gly

Tyr

His

val
205

val

L.eu

Pro

45

Ser

Thr

Cys

L.eu

val

110

Lys

Arg

ASN

Ser

Lys

Thr

Thr

Leu

30

Gly

Gly

Leu

Met

Pro

95

Ala

Ser

Glu

Ser

Leuy

175

val

Lys

Pro

15

His

Gin

val

Lys

Gin
95

Leu

Ala

Gly

Ala

Glin

160

sSer

Tyt

Ser

Gly

Ser

Pro

Pro

Ile

&0

Ser



Leu

Thr

Leu

Pro

145

Gly

Tyr

Mis

val

Gin

val

Lys

130

Arg

Asn

Ser

Lys

Thr
210

<210>
<211>
<212>
<213>

<400

Leu

Ala
115

Ser

Glu

ser

Leu

val
195

Lys

162
219
PRT
Homo

162

Asn Ile val
1

GIn

ASp

Pro

ASp

65

Ser

Leu

Arg

Pro

Gly

Glin

50

Arg

Arg

Gln

Thr

Ala

Phe

val

Leu

val

Phe
106
Ala
Gly
Ala
Gin
ser
180

Tyr

Ser

Pro

Thy

Lys

Glu

165

Ser

Ala

Phe

sapiens

MeT

Ser

20

Thr

Leu

Ser

Glu

Phe

100

Ala

Thr

5

Ile

TYyr

Ile

Gly

Ala

85

Thr

Ala

* Phe

Ser

Ala

val

150

Ser

Thr

Cys

Asn

Gln

sSer

Leu

Tyr

ser

70

Glu

phe

Pro

Gly

val

Ser

135

Gln

val

L.eu

Glu

215

Thr

cys

Phe

Gly

55

Gly

ASD

Gly

Ser

Pro

Phe

120

val

Trp

Thr

Thr

val

200

Gly

Pro

LYS

Trp

40

val

Ser

val

Pro

val
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Gly Thr Lys val Glu

105

Ile

val

Lys

Glu

Leu

185

Thr

Glu

Leu

Ser

25

Tyr

Ser

Gly

Gly

Phe

Cys

val

Gln

170

Ser

His

Cys

Ser

10

Ser

Leu

Asn

Thr

val

90

Thr

Pro

Leu

155

ASD

Lys

Gln

Ley

Gln

Gln

Arg

ASp

75

Tyr

Lys

Pro

Leu
140
Asn
ser

Ala

Gly

Ser

Ser

LysS

rhe

60

Phe

ser

val

ITe Phe Pro
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Ser

125

Ash

Ala

Lys

Asp

Leu
205

val

leu

Pro

45

ser

Thr

Cys

ASp

Pro

Ite
110
ASD
ASN
Lau
ASp
Tyr
190

Ser

Thy

Ley

30

Gly

Gly

Leu

Met

Ile

110

Ser

Lys

Glu

Phe

Gin

ser

175

Glu

Ser

Pro

15

His

GIn

val

Lys

GIn

95

LyS

Asp

Arg

Glin

Tyr

Ser

160

Thr

Lys

Pro

Gly

Ser

Pro

Pro

Ile

80

Ser

Arg

Giu



115

Gln Leu Lys
130

Tyr Pro Arg
145

Ser Gly Asn
Thr Tyr Ser
Lys His Lys

Pro val Thr
210

<210> 163
<211> 108
<212> PRT
«213> Homo
<400> 163

Asp Ile Gln
1
Asp Arg val

Leu Astt Trp
35

Tyr Asp Ala
50

Ser Gly Ser
65

Glu Asp Ile
Thr pPhe Gly

<210> 164
<211> 108
<212> PRT
<213> Homo

<400> 164

Ser

Glu

Ser

Ley

180

val

Lys

Gly

Ala

Glin

165

Ser

Tyr

Ser

sapiens

Met

Thr

20

Tyr

Ser

Gly

Ala

Gly

Thr

5

e

His

Asn

Thr

Thr

85

Gly

sapiens

Thr

Ser

Ala

Phe

Glin

Thr

Gln

leu

Asp

70

Tyr

Thr

Ala
135
val
Ser
Thr
Cys

Asn
215

ser
Cys
Lys
Glu
55

Phe

Tyr

Lys

120

Ser
6n
val

Leu

Pro
Glin
Pro
40

Thr
Thr

Cys

val

AL712WOPCT..ST25

val

Trp

Thr

Thr

185

val

Gly

Ser

Ala

25

Gly

Gly

Phe

Gin

Glu
105

val Cys

Lys val
155

Glu Glin
170

Leu Ser

Thr His

Glu Cys

Ser Leu
10

Ser Gln

Lys Ala

val Pro

Thr Ile

75

Gin His
90

ITe Lys
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Leu

140

Asp

Asp

Lys

Gin

Ser

ASp

Pro

ser

60

ASp

Arg

125

Leu

Ash

Ser

Ala

Gly

Ala

ITe

Lys

Arg

Gly

Asnh

Asn

Ala

Lys

190

Leu

Ser

Ser

30

Leu

Phe

Letk

Leu

Asn

Leu

ser

val

15

ASN

Leu

ser

Gln

Pro
95

Phe

GIn

160

Ser

Glu

Ser

Gly

Tyr

Ile

Gly

Pro

80

Leu



AsSp
1
ASp
Leu
Tyr
ser
65

Glu

Thr

Ile

Arg

Asn

Asp

50

Gly

ASD

Phe

<210>
<211>
<212>
<213

<400>

Gln

val

Trp

35

Ala

Ser

Iie

Gly

165
113
PRT
Homo

165

Asn Ile val

1

Gln

ASp

Pro

ASD

65

Ser

Leu

Arg

Pro

Gly

Gin

50

Arg

Arg

GIn

Ala

Leu

Phe

val

Leu

Met

Thr

20

TYr

ser

Gly

Ala

Gly

Thr

Ile

His

Asn

Thr

Thr

85

Gly

sapiens

Met

Ser

20

Thr

Leu

Ser

Glu

Phe
100

Thr
5

Ile
Tyr
Ite
Gly
Ala

85

Thr

Glin

Thr

Gin

Leu

ASp

70

TV

Thr

Gin

Ser

Lteu

Tyr

ser

70

Glu

Phe

Ser

Cys

Lys

Glu

55

Phe

Tyr

Lys

Thr

Cys

Phe

Gly

55

Gly

AsSp

Gly

Pro

Gin

Pro

40

Thr

Thr

cys

val

Pro

LYS

Trp

40

val

Ser

val

Pro
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ser Ser Leu Ser Ala

Ala

25

Gly

Gly

Phe

Glin

Glu
105

Ley

Ser

25

Tyr

sSer

Gly

Gly

Gly

ser Gln

Ltys Ala

val pro

Thr Ile
75

Gin His
30

ile Lys

Ser Leu
10

ser Gln

Leu Glin

ASh Arg

Thr Asp
75

val Tyr
90

The Lys

ASp

Pro

ser

60

ser

ASp

Arg

Ser

Ser

Lys

Phe

60

Phe

Ser

val
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Ile

LysS

45

Arg

Gly

Asn

val

Leu

Pro

45

ser

Thr

Cys

ASp

Ser

ser

30

L.eu

Phe

Leu

tey

Thr

Leu

30

Gly

Gly

Leu

Met

Ile
110

val

15

Asn

Leu

Ser

Gin

Pro
95

Pro

15

His

Glin

val

Lys

Gin

95

Lys

Gly

Tyr

Ile

Gly

Pro

80

Leu

Gly

Ser

Pro

Pro

Ile

80

ser

Arg
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<2i0> 166
<211> 11
<212> PRT
<213> Homo sapiens

<400> 166
ng Ala ser Gin ésp Ile ser Asn Tyr igu Ash

<210> 167

<211> 16

<212> PRT

<213> Homo sapiens

<400> 167

LYys Ser Ser Gln Ser Ley Leu His Ser Asp Gly Lys Thr Tyr Leu phe
1 5 10 15

<210> 168

«<211> 16

<212> PRT

<213> Homo sapiens

<400> 168

Lys Ser Ser Gin Ser Leu Leu His Ser Agp Gly Lys Thr Tyr Leu Phe
1 5 1 15

<210> 169
<21l> 7

<212> PRT

<213> Homo sapiens

<400> 169

Asp Ala Ser Asn lLeu Glu Thr
1 5

<210> 170
<21l> 7 v

<Z212> PRT

<213> Homo sapiens

<400> 170

iTy val ser Asn érg Phe Ser

<210> 171

<211> 7

<212> PRT

<213> Homo sapiens

<400> 171

ETy val Ser Ash érg Phe Ser

<210> 172
<211> 9
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<212>
<213>

<400>
GIn Ghn
1

<210>
<211>
<212>
<213>
<400>

Met Glin
1

<210>
<Z11>
<212>
<213>
<400>

Met Glin
1

<210>
<231>
<212>
<213>

<400>

Lys Phe
1

Arg Cys
Ser Gln
Ala ser

50

Gly Ile
65
Tyr Ala

ASp Tyr

ITe Tyr

PRT
Homo

172

His

173
8
PRT
Homo
173

Ser

174
8
PRT
Homo
174

Ser

175
187
PRT
Homo

175
ser
Pro
Thr
35
Gly
Tyr

Asn

l.eu

115

sapiens

Asp

Asn
5

sapiens

Leu

Gln
5

sapiens

Leu

Gln
5

sapiens

LySs

AlrQ

20

Asn

Gin

Thr

val

Met

100

Pro

Glin
5
Gin
Lys
Leu
Cys
Thr
85

Tyr

Thr

Leu

Leu

Leu

ser

Gly

ser

Leu

Ile

70

Ile

ser

Ile

Pro

Phe

Phe

Trp

Lys

Ile

Lys

val

TYr

Thr

ASD
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teu Thr

Thr

Thr

Gly

Pro

Pro

40

Phe

AtQ

LYS

val

Leu
120

Leu

Ser

25

Thr

Leu

ser

Lys

Ser

105

Tyr

é1u Asn Glu
10

Tyr Thr val

GIn Glu Arg

pro Ala Glu
60

pPro Thr Phe
75

Gln ser Asp
30

Gly ser Glu

Asn Trp Thr

pPage 96

Ala

Asp

Asn

45

val

Cys

Lys

Ala
125

Ley

Trp

30

APy

Ala

APrg

Asnh

Asn

110

Pro

Ile

15

TYyr

val

Asp

Thr

val

35

Ser

Leu

val

Tyr

Phe

Ser

Gly

80

Pro

Lys

Glu
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Trp Phe Lys Asn Cys Gin Ala Leu GlIn Gly Ser Arg Tyr Arg Ala His
130 135 140

Lys Ser phe Leu val Ile Asp Asn val Met Thr Glu Asp Ala Gly Asp
145 150 155 160

Tyr Thr Cys tys Phe Ile His Asn Glu Asn Gly Ala Asn Tyr Ser val
165 170 175

Thr Ala Thr Arg Ser Phe Thr val i§§ Asp Glu
b}
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