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PROSTAGLANDIN EZ BINDING PROTEINS AND USES THEREOF

Reference to Reluted Applications

This application is a non-provisional application claiming priority to U5,
Provisional Application Ser. No, 61/134,264, filed July 8. 2008, and U.5. Provisional
Application Ser, No. 61/197.258, filed October 23, 2008, the contents of which are

hereby incorporated by reference.
Field of the Invention

The preseat invention relates to binding proteing and compositions thereof, for
example antibedies and antigen binding portions specific to fipid metabolites such as
prostaglandin E2 (PGE,), and methods of making, characterizing, and using them in the

nrevention, diagnosis, and treatment of diseases.
Background of the Invention

Bioactive lipids such as prostaglandin (PG, thromboxane (TX), leukotriene (LT,
and sphingosine-1-phosphate piay a critical physiological role in the etiology of varicus
disorders. (Wymann, MP and Schneiter R, Nat. Rev, Mol. Cell. Biol 9(23:162~
76(2008Y. During inflammation, cellular phospholipases. especialiy phospholipases A2
and C, are acuvated and degrade cell membrane phospholipids w arachidonic acid (AAL
AA is metabolized by two major routes, the cyclooxygenase (COX) and ipooxygenase
(LO) pathways. The COX pathway produces prostaglanding (PGD,, PGE,, PGFy,,
prostacvelin or PGy, and thromboxane A2 or TXAg), The LO pathway has wwo
branches; the 5-LO pathway produces leukotrienes (e.g., LTA4, LTB4, LTC4, 1.TD4,
LTF4. and LTF4) and the 13-LO pathway produces lipoxins (e.g., LXA4, LXB4).
Prostancids such as prostaglandin (PG, thromboxane (TX) and leukotriene (LT} have
various physiological activities for maintaining local homeostasis in the body (The
Pharmacological Basis of Therapeutics, Gilman, et al,, eds., 7th Ed., p. 660, Macmillan
Publishing Co., New York (1985)). The products of COX, PG G2/ PG H2, are converted
to spectfic PGs by the actions of rissue specific isomerases yield PGl., TX A, PGDs,
PGE,. and PGF.,. The biclogical functions of PGs are mediated by tissue-specific cell
surface rhodopsin-like seven transmembrane spanning G protein-coupled receptors

(GPCRs). The precise physiological/pathological role of each PG is determined by the
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cellular context, receptor expression profile, ligand affinity, and differential couphng to
signa!l transduction pathways (Haluska et al.. Annu. Rev. Pharm. Tox. 10:213 (1989,
Prostanoids and their Receptors. In Comprehensive Medicmal Chemistry, p. 643,
Pergamon Press, Oxford (19907). PGs play a wide variety of physiological roles m the
regulation of modulation of vasomouricity, the sleep/wake cycle, intestinal seeretion,
lipolysis, glomerular filtration, mast cell degranulation, neurotransmission, plaeler
agoregation, leuteotysis, myometrial contraction and labor, inflammation and arthrits,
patent ductus arteriosus, cell growth and differentiation, and immuane responses generally.
Patho-physiologicalty, PGs have been implicated in & variety of diseases including pain
and inflammation, cancer, neurological diseases, cardiovascular diseases, and

hypertension.

Prostagiandin Bz (PGEs} is a member of the prostanocid family. PGE, participates
widely in the contraction and relaxation of the gastrointestinal tract, secretion of gastric
acid, relaxation of smooth muscle, and release of neurotransmitters. Four subtype
receptors for PGE; have been idemified, including EPL, EPZ, EP3, and EP4 (Negishi, M.
et al, I. Lipid Mediators Cell Signalling, 12:379-391 (1995)), each of which is involved

in a different signal fransduction pathway.

PGEs is the main product of the COX pathway of AA metabolism. 1t is the maior
PG synthesized i the joints and plays an important role in inflammation and the
pathogenesis of arthritis. Five PGE: synthases have been identified. (Smith WL, Am. J.
Phvsiol. 263(2 Pt 21:F181-91 (1992}). Of these five, membranc PGE syathasc (mPGES}-
! appears 1o be the key PGE» convertase enzyme responsible for PGE; production.
MPGES-1 displays the highest catalvtic activity relative to other PGE synthases and
functions in conjunction with COX-1 and/or COX-2. to convert PGH; wo PGE,. Studies
using mPGES-1 KO mice (Kamei, D., et al., J. Biol. Chem., 279(321.33684-95 (2004):
Trebino, C.F.. et al.. Proc. Natl, Acad. Sci. USA 100{151:9044-9 (2003}, specific PGE:
receptor isoform KO mice (McCoy, M., et al }, Clin. Invest., 110(5):651-8 (2002);
Maiima, M., et al. Trends Pharmacol. Sci.. 24(101:524-6 (2003); and Amano. H., ot al, ]
Exp. Med., 197(2):221-32 (2003); and anti-PGEs specific antibodies (Portanova, J.P., ot
al.. J. Exp. Med., 184(31:883-91 (1996%: Zhang, Y., et al.. J. Pharmacol. Ixp. Ther.,
283(3):1069-75(1997) sugeest that PGE, plays a major role in anmimal models of

rheumatoid arfhritis (RA). pain and inflammation and cancer development. In the
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ahsence of MPGES-1, levels of COX-1, COX-2, and other PGE, synthases remam
relatively unaltered. The mPGES-1 KO mice are viabie, fertile, and develop normally
compared to wild type mice. However, they display a drastic reduction in both basal
levels of PGE, production as well as in PGE, production from macrophages following
chalienge with various inflammatory stimuli. In addition, production of TXAZ is
increased. The mPGES-1 KO mice show reduced incldence and severity of arthntis
development and show resistance to pain and inflammation in various models. Several
laboratories have independently generated various EP receptor isoform KO mice. These
mice are viable, fertile and develop normally. Studies using specific EP isoform KO mice
demonstrate that the various functions of PGE, are mediated via specific EP isofomms.
For example, the lack of EP4 isoform clearly affects the severity of arthritis development
in mice, whereas the lack of EP3 influences tumor development and progression by

modulating VEGF production by stromal cells and angiogenesis.

Defects in the biosynthesis and metabolism of prostaglanding are now behieved 1o
play an important part in the eticlogy of autoimmune and inflammatory disorders. For
example, the svnovial tissues from patients suffering from rheumatoid arthritis produce
larger amounts of PGE, and prostaglandin Fp, (PGF2} compared 1o the synovial fissues
from unaffected subjects (Blotman, F., et al,, Rev. Rbum, Mal. Ostecartic, 46¢4y:243-7
(1979)). Similarly, an increased synthesis of PGE, and PGF;, occurs in patients
exhibiting svstemic and gastrointestinal symproms secondary to food umolerance. Thus,
migraine headaches secondary to the ingestion of certain foods could be the result of an
increased synthesis of 2-series prostaglanding. Multiple sclerosis 1s also associated with
an imbalance in the normal levels of the prostaglanding, PGE; and PGE,. Many aspects
of reproduction, for example, fertility, pregnancy and labor, may be regulated by
prostagianding.  Prostaglanding also play a major role in reproductive physiology.
Excessive prostaglandin synthesis causes dysmenorrhes and parturition, which may be
induced by administering prostaglandins intravenously or by insertion of & prostaglandin
pessary. (Wang L. et al., Occup. Environ. Med. 6112310211026 (2004)). Excessive
synthesis of PGE; also plays & major role in disorders of reproduction. such as infertility,
repeated miscarriage, preectampsia, and eclampsia. A need therefore exists for antbodics

specific to PGE, that block or modulate its biological functions, which may be used 1o
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prevent and treat the diseases associated with ¢xcess production of PGE; as well as

diagnostic purposes.

The generation of a highly specific, high affimty (Ky 16 about 300pM) anti-PGL,
mAb. 2B5, has been reported. {Maich SJ, et al. I Immunol. 155(9):4437-44 (19495 ).
The efficacy of 2B3 relative to indomethacin, a COX-1.2 inhibitor, was determined n
animal models of pain and inflammation in mice and adjuvant-induced arthrius in razs,
(Portanova IP ef al., I, Exp. Med. 184(2):883-91 {1996)y. These studies clearly showed
that 285 was as effective as indomethacin in reducing pain and inflammation as well a8
the severity of arthritis, suggesting that PGE; is a key participant in the COX-1, 2

pathway of AA metabolism in these amimal models.

Inhibition of pan-PG production by COX-inhibitors has been a well-established
therapeutic strategy for decades. Two lsoforms of COX, COX-1 and COX-2, arc known,
each of which are encoded by 2 distinct gene. The two isoforms carry out essentially the
same catalvtic reaction and have similar tertiary structures ( Garavito RM, et al., Annu.
Rev. Biophys. Biomol. Struct. 32:183-206 (2003}, COX-1 is constitutively expressed in
nearly all tissues and is believed to be largely responsible for the normal “house keeping”
functions, such as gastric cytoprotection and homeostasis. COX-2, by contrast, is
constitutively expressed in particutar tissues, and is highly inducible at sites of
inflammation and cancer, Thus, COX-2-mediated PG production 1s thought to play an
important role at the site of inflaromation and cancer. The rraditional non-steroidal anti-
inflammatory drugs (NSAIDs), e.¢.. aspiri, indomethacin, ibuprofen) inhibit both COX
isoforms. These compounds are the most widely used drugs for pain, rheumatoid arthritis
(RAY. osteoarthritis {OA), and cardiovascular diseases and now are under consideration
for the prevention of colon cancer and AD. The main kiabilities of wraditional NSAIDs
are gastric and renal adverse events, in high-risk poputations, which are believed to be
due 1o inhibition of COX-1. Therefore, the second generation of NSAIDs, the COX-2
selective inhibitors (e.g., celecoxib, Celebrex; rofecoxib, Vioxx: valdecoxib, Bextraj, arc
betieved to have a better therapeutic profile, This assumption has resulted in thewr
widespread use for pain, RA, and OA. Since the approval of the first COX-2 inhibitor in
1999 the combined sales of COX-2 inhibitors in 2004 was approximately US § 5 billion,
However. recently some COX-2 selective inhibitors were taken off the market. and are

under FDA review, due 1o cardiovascular side-effects in high risk patients for certain
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COX-2 inhibitors. The Habilities associated with COX inhibitors probably arose due
their ability to inhibit all PGs, and in particular due to their ability to differentially
iaterfere with PGly and TX As production, both of which play an important rele m
maintaining cardiovascular homeostasis (Martinez-Gonzélez | et al., Carr. Pharm. Des.
13(223:2215-2227 {2007y, The inhibition of COX may make more AA available w the
1.0 pathways, thus increasing the production of Teukotrignes and hpoxins, which may
contribute 1 COX inhibition-sssociated adverse effects. Recen studies using COX-1
and/or COX-2 knockout mice and COX-1 and COX-2 specific inhibitors also suggest that
assumprions concerning the physiclogical roles of the two COX-isoforms may not be
correct. (Lofin, C.D., et al. Prostagianding Other Lipid Mediat. 65-69:177-85 Q002)).
These studies suggest that both COX-1 and COX-2 play an important role in supplying
PGs to maintain tissue homeostasts and botly soforms may contribuie to disease
development, such as pain, inflammation and cancer. Therefore, blocking detnimental
PGE, downstream of COX-1 and COX-2 pathway with a specific antibody appears 10 be

an attractive approach for the treatment of certain human diseases.

Another example of an important bioactive prostaglandin is PGDz. PGD; is the
major cvelooxyeenase product of arachidonic acid produced from mast cells en
immunoclogical challenge (Lewis, etal, I Dmmuncl 129:1627-1631 (19825 Activared
mast cells, & major source of PGy, are one of the key plavers in driving the allergic
response in conditions such as asthma, allergic rhinius, allergic conjunctivits, allergic
dermatitis and other diseases (Brightling, et al., Clin. Exp. Allergy 33:550-356 (2003 ).

ecent studies have shown that PGDy exerts its effects through two different G-protein-
coupled receptors (GPCRs), the D-prostanoid receptor (DP) and the chemoattractant
receptor-homologous molecule expressed on T helper type-2 cells (CRTH2). expressed
various human tissues. The PGD/CRTH2 systemn mediates the chemotaxis of
eosinophils, basophils, and Th2 cells, which are involved i the induction of allergic
inflammation {Ulven T et al., Curr. Top. Med. Chem. 6{131:1427-1444 (20003). Many of
the actions of PGD. are mediated through its action on the D-type prostaglandin ("DI™™)
receptor. a G protein-coupled receptor expressed on epithelium and smooth muscle. in
asthrna, the respiratory epithelinm has long been recognized as a key source of
inflammatory cytokines and chemokines that drive the progression of the disease

{Holgate, et al., Am. J. Respir, Crit. Care Med. 162:113-117 {2000%:. In an experimental
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murine medel of ssthma the DP receptor is dramatically wp-regulated on airway
epithelium on antigen challenge (Matsuoka, et al., Science 287:2013-2017 ( 20003, The
DP receptor is involved in human allergic rhinitis, a frequent allergic discasce that 1s
characterized by the symptoms of sneezing, iiching, rhinorea and nasal congesuon. DP
antagonists have been shown to be effective at alleviating the symptoms of allergic
rhinitis in multiple species, and more specifically have been shown to inhibit the antigen-
induced nasal congestion, the most manifest symptom of allergic rhinitis {Jones, et al,,
Am. I, Resp. Crit. Care Med. 167:A218 (2003 ) Arimura, etal., §-5751, L. Pharmacol.
Exp. Ther. 208(21:411-6 (20013 DP antagonists are also effective in experimental
models of aliergic conjunctivitis and allergic dermatits (Arimura et al., 5-5751. J.
Pharmacol. Exp. Ther. 208(2):411-9 (2001 }; Torisu, et al., Bioory, & Med. Chem.
12:5361-5378 (2004)). A need therefore also exists for antibadies specific 10 PGD; and
blocking or modulating s biolegical functions therefore may be used 1o prevent and treat

the discascs associated with excess production of PGD-.

Sphingosine- 1 -phosphate (S1P) is another example of a bivactive lipid that
induces many cellular effects, including those that result in platelet aggregation, cell
profiferation, cell morphology, tamor cell invasion, endothelial celi chemotaxis. and
endothelial cell in vitro angiogenesis. S1P receptors are therefore good targets for
therapeutic applications such as wound healing and tumor growth inhubition. S1P signals
cells in part via a set of G protein-coupled receptors named SIP1. SIP2, S1P2, 5174, and
S1P5 (formeriy called EDG-1, EDG-5, EDG-3, EDG-6, and EDG-8, respecuvely). These
receptors share 50-55%; amino acid and cluster identity with three other receptors (LPA L
LPA?2, and LPAZ (formerty EDG-2, EDG-4 and EDG-77) for the structurally-refated
Ivsophosphanidic acid (LPA}, (Ishil, I et al., Mol. Pharmacol. S8(51:895-902 (2000)). A
conformational shift is induced i the G-Protein Coupled Receptor (GPCR) when the
ligand binds to that receptor, causing GDP 10 be replaced by GTP on the u-subunit of the
associated G-proteins and subsequent release of the G-proteins into the cytoplasm. The o
-subunit then dissociates from the By-subunit, and each subunit can then associate with
effector proteins, which activate second messengers ieading to a cellular response.
Eventually the GTP on the G-proteins is hydrolyzed 1o GDP. and the subunits of the G-
proteins re-associate with each other and then with the receptor. Amplification plays &

major role in the gencral GPCR pathway. The binding of one figand 10 one receptor leads
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to the activation of many G-proteins, cach capable of associating with many effector
proteins, jeading to an amplified cellular response. S1P receptors make good drug
targets, because individual receprors arc both tissuc- and response-specific. Tissue
specificity of the SIP receptors 18 important, because development of an agonist or

antagonist selective for one receptor localizes the celiular response {0 Hssues containing

that receptor, limiting unwanted side effects. Response specificity of the 1P receptors s
also important because 1t allows for development of agonists or antagonists that mitiate or
suppress certain celiular responses without affecting other responses. For example, the
response specificity of the S1P receptors could aliow for an S1P mimenc that mitiates

platelet aggregation without affecting cell morphology.

S1P is formed as & metabolite of sphingosine in its reaction with sphingosine
kinase, and is abundantly stored in plateiet aggregates where high levels of sphingosine
kinase exist and sphingosine lyase is absent. SIP is released during platelet aggregation,
accumulates in serum and is also found in malignant ascites, S1P biodegradation most
fikely proceeds via hydrolysis by ectophosphohydrolases, specifically the sphingosine 1-
phosphate phospbohydroiases. A need therefore exists for antibodies specific 1o S1P for
modulating its biological functions either by blocking its interaction with receptors or
stabilizing S1P and enhancing its biological effects, for use in preventing or treating

autimmune diseases, inflammatory diseases, and cancers.

Due 10 the role of PGE2 in a variety of human disorders, therapeutic strategies
have been designed to inhibit or counteract PGE2 activity. In particular, therapeutic
antibodies suitable for delivery to humans that bind to, and neutralize, PGE2 have not
been reported. There exists a need in the art for improved antibodies capabie of binding

and newtralizing PGEZ.
Summary of the Invention

The present invention relates to binding proteins specific 1o lipid metabolites,
such as prostaglandin E2 (PGE,). The PGE: binding proteins of the invention include,
but are not limited to, antibodies, antigen binding fragments. and antigen binding

fragments with various scaffolds, that are capable of binding PGE..
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One aspect of the invention pertains to binding proteins capable of binding PGE.
In an embodiment, the binding proteins of the invention have neutralizing. stabilizing,
antagonist, and/or agonist activities. 1n another embodiment, the binding proteins are
capable of modulating 2 biological function of PGE,. For example. the binding proteins

are capable of st least partially neutralizing PGE,.

In one aspect of the invention, the binding proteing are capable of binding PGEs
and praventing the binding of PGE: 10 one or more PGEs receptors (e.g., EP1 EPL EP3,
and EP4). In an embodiment of the invention. the binding proteins are capable of binding

P(GE, and preventing the binding of PGE: to the EP1, EP2, EP'3, and EP4 receptors.

The invention provides methods of making, characterizing and using the PGE,
binding proteins as a monotherapy or as & combination therapy with other therapeutic
agents; and methods in the prevention and/or weatment of diseases mediated by PGE,. for
example, autoimmune and inflammatory diseases such as, for example, rheumatoid
arthritis, Crohn's discase, osteoarthritis, AMD, lymphadenopathies, hemolytic anemias,
purpura, ankylosing spondylitis, maltiple sclerosis, diabetes mellitus, cancer, pain, bone
loss/Testoration, atherosclelotic discases, disorders of reproduction, and other diseases.

The binding proteins of the invention can also be used in the diagnosis of such discases.

In an embodiment of the invermion. a binding protein 1% an solated antibody. or
antigen binding fragment thereof, that binds PGE». Such binding may be demonstrated 1o
a biotinyiated PGE, ELISA based assay with an ECs, selected from the group consisung
of ahowt 1x107 to about 1x107 M, about 1167 10 abour 1107 M. about 1x107 10 about
1167 M. about 10” to abour 107 M, about 1x107 to about 1107 M and about 107" o
ahout 1677 M. In another embodiment, binding of the binding proweins to PGEz 18
demonstrated in 2 “H-labelled PGE, based radioimmuncassay with & Ky selected from the
group consisting of about 1x10° 10 about 1x10°7 M, about 1x16 to about 1x10° M,
about 1107 to about 1x 107 M. about 107 to about 1079 M, about 1x107" to about 1x10
"M, and about 107 to about 167", 1In another embodiment, binding of the binding
proteins 10 PGE» i« demonstrated 1n a FLIPR wherein PGE--mduced calcium influx
mediated through its receptor EP4 is inhibited by binding of the binding proteins w0 PGE;,

with an 105, selected from the group consisting of about 1107 10 about 1x167° M, about
group g
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1107 10 about 1x10° M, about 1%107 1o about 1x10” M, about 10 to about 107" M,

“i2

about 1x107 to about 1x107" M, and about 167 1o about 16

In an erabodiment, the antibodyinhibits the binding of biotinylated PGE; 10 the
BRI, EP2, EP3, and/or EP4 receptor on the cell surface in FACS-based receptor binding
assay, or the antibody inhibits the binding of biotinvlated PGE; to the EP1, EP2, EP3,
and/or EP4 receptor on the membrane preparation made using receptor expressing cells
ELISA-based receptor binding assay with an [Cs of about 1107 10 about 1x107 M,
about 1x107 to about 1x10™® M, about 1x10™ 10 about 12107 M, about 107 1o about 1077
M. about 1x107 to about 1x10™" M, and about 10'" 10 about 107 or the antibody
inhibits the binding of “H- PGEy to the EP1. EP2, EP3, and/or EP4 receptor on the cell
surface or on the membrane preparation i an M PGE, based radicimmunoassay with a
1Cs of about 1x10° to about 1%107 M, about 1x107 1o about 1x10™ M., about 1x107 1o
about 1x10™ M, about 107 1o about 1071 M, about 12107 10 about 1x107" M, and about
1071 1o about 1077 and/or the antibody inhibits PGE, induced caleium flux in a EP4
mediated FLIPR assay with an 1Csg of about 110 1o abowt 1x107 M. about 1x107 w©
shout 1x 107 M, about 1x 10" to about 1210 M, about 16 to about 107" M. about 1x10°
40 shout 1x107 M, and about 107" to about 1077, In an embodiment, the antibody, or
antigen binding fragment thereof binds PGE; and inhibits the binding of PGE; o at least
one of its receptors in a cell surface-based receptor binding assay orina
radioimmunoassay-based receptor binding assay by about 70-100% at & concentration of

106G ML

In an embodiment, the antibody 18 19CY, 4F10, 15F10, K1B. K7H, K3A, L11,
191 2BS.7.0. 2B5-%.0 or 2B3-0.0. or & variant thereof. In an embodiment, the variant is

2 humanized variant, such as Hu2BA.P1 or HuZBAP2.

in another aspect, the invention provides an isofated antibody, or antigen bindmg
fragment thereof, that binds PGE» and inhibits paw cdema by about 10%, 20%, 30%,
40%, S0%. 60%. T0%, R0%, 90% or 100% in a carrageenan-induced rodent paw edema
model. In a particular embodiment. the antibody inhibits paw edema by greater than

about 10% in a carrageenan induced rodent paw edema model

I another asnect. the invention provides an isolated antibody, or antigen binding
. " fosl =

fragment thereof, that binds PGE; and inhibits paw swelling or mean arthritis scorc by
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about 10%, 20%. 30%. 40%, 50%, 60%, 70%. 80%, 90% or 160% in a rodent collagen
induced arthritis model. In a particular embodiment, the antibody inhibits paw swelling

or mean arthritis score by greater than 10% in a rodent collagen induced arthritis model.

In another aspeet, the invention provides an tsolated antibody, or antigen binding
fragment thereof, that binds PGE; and inhibits paw cdema by about 10%, 20%, 30%,
4054, §00%, 60%, 70%, %0%, 90% or 100% in 2 carrageenan-induced redent paw edema
model. In a particular embodiment, the antibody inhibits paw edema by greater than

about 1% in a carrageenan induced rodent paw edema model

in another aspect, the invention provides an isolated antibody. or antigen binding
fragment thereof, that binds PGE- and inhibits paw swelling or mean arthritis score by
about 10%, 20%, 30%, 40%, 50%, 60%, 70%. 80%, 90% or 100% in & rodent collagen
induced arthritis model. In a particular embodiment, the antibody inhibits paw swelling

or mean arthritis score by greater than 10% in & rodent collagen induced arthritis model.

I another embodiment, the binding protein of the invention has an off rate
constant (kog) 10 PGE; of at most abowt 16767 at most about 10757 : at most about 1078
' or at most zbout 107, as measured by radivimmunoassay. Preferably, the binding
protein of the invention has an off rate constant (Ker) 0 PGE, of about 107767 10 about 107
‘e of about 10747 10 about 107 or of about 1075 o about 1077 as measured by

radioimmunoassay,

In another embodiment, the binding protein of the invention has a dissociation
constant (Kp) 10 PGEs determined by a radioimmunocassay of at most about 107 M at
most about 107 M at most about 16" M: at most abow 1677 M: at most about 10719 M: at
maost about 107" M: at most about 1077 M: or at most 107 M. Preferably, the binding
protein of the invention has a dissociation constam (Ko} to PGE, of about 1077 M 1o about
107 M; of about 1075 M 1o about 167 M: of about 1077 M 10 about 107 M: of about 1671
10 about 1677 M. of about 1077 M 10 about 107 M; or of about 1077 1o M about 1077 M.
One aspect of the invention provides at least one PGE2 ant-idiotype amibady to at least
one PGE2 binding protein of the present invention. The anti-idiotype antibody includes
any protein or peptide containing molecule that comprises at least & poruon of an
immunoglcbulin molecule such as, but not limited to. at least one complementarily

determining region (CDRY of a heavy or light chain or a ligand binding portion thercof, a

H
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heavy chain or light chain variable region, & heavy chain or light chain constant region, a
framework region, or; any portion thereof, that can be incorporated into a binding protein

of the prescat invention.

In another aspect, the invention provides an isolated antibody, or antigen binding
frapment thereof, that binds prostaglandin Eu and inhibits the binding of prostaglandin L
to at least one of E1, B2, E3, and E4 receptor in a celt surface-based receptor binding
assay with an ICsg selected from the group consisting of about 1107 w0 1x107 M, 1x107
10 1x30° M, 1x10% 10 1x10° M, 107 10 107 M, 1x10™ t0 1x107 M and 107 10 16" M,
or in an ELISA-based receptor binding assay with an 1Csq selected from the group
consisting of about 1x10% 0 1107 M, 1x107 10 ix10™ M, 13105 10 1x107 M, 107 t0 107

g 1107 50 10107 Moand 107 to 1677 ML

In gnother embodiment, the antihody, or antigen binding fragment thereof binds
prostagiandin E» and inhibits the binding of prostaglandin E; to at least one of the E1, EZ,
E3, and £4 receptors in a cell surface-based receptor binding assay or i a H-PGE, based
radicimmunoassay using cells expressing or cell membrane preparation the cxpressing at
ieast one of the E1, B2, E3. and E4 receptors by about 70-100% at a concentration of
about 1008M. In an embodiment, the antibody 15 selected from the group consisting of
FOCG, 4F 10, 13F10, KB K7H, K3A, L11, L21, 2B5-7.0, 2B5-8.0 and 2B5-9.0. In
another embodiment, the antibody. or antigen binding fragment thereof, i capable of
modulating a biological functon of prostaglandin By such as neutralizing prostaglandin
E,. The amiibody, or antigen binding fragment thereof. 18 selected from the group
consisting of an immunoglobulin molecule, a monoclonal antibody, a chimeric antibody,
2 CDR-grafted antibody, 2 humanized antibody, a Fab, 2 Fab’ a F{ab")2, a Fv, 4 disulfide
linked Fv, a scFv, a single domain antibody, & diabody. a multispecific antibody, a dual
specific amibody, and a bispecific antibody. In an embodiment, the antibody, or antigen
binding fragment thereof, is & humanized antibody. In another embodiment. the antibody

is selected from the group consisting of Hu2B3 P and Hu2BS P2, The mvention also

provides a pharmaceutical composition comprising the amibody, or antigen binding
fragment thereof, and & pharmaceutically acceptable carrier. In an embodiment, the
pharmaceutical composition further comprising at least one additional therapeutic agent

for treating a disorder in which prostagiandin E; activity 1s dewimental.



LT

10

i

0

b2
E

In another aspect, the invention provides a method of generating an antibody, or
fragment thereof, that binds to prostaglandin E; comprising the steps of immunizing 2
non-human animal with prostaglandin Ey-thyroglobulin, collecting a body fluid or organ
comprising an anti-nrostaglandin E; antibody, and isolating the anti-prostaglandin Ep

antibody.

in another aspect, the invention provides a humanized antibody comprising an
antigen binding domain, capable of binding prostagiandin E,, comprising at least one
CDR region comprising an amino acid sequence selected from the group consisting of
SEQ 1D NOs: 34-39. In another embodiment, the invention provides a humanized
antibody comprising an antigen binding domain comprising at least one CDR region
comprising an amino acid sequence at least about 60%, at least about 63%, at least about
0%, at least about 73%, at least about 80%, at least about 5%, at least about 90%, a1
teast about 95%, or at least about 98% homologous to an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 54-59, In an embodiment, the humanized
antibodv comprises an amino acid sequence selected from the group consisting of SEQ

ID NOs: 78, 79, 80, and 81,

in one aspect the invention binding protein capable of binding PGE2, said antigen
binding domain comprising at least one CDR comprising an amino acid sequence
selected froms the group conststing of: CDR-HI: GYTFTRKYWLG (SEQ 1D NO: 545
CDR-HZ: DIYPGYDYTHYNEKFKD (SEQ 1D NO: 35), CDR-H3: SDGSSTY (SEQ ID
NO: 563, CDR-L1; TSSONIVHSNGNTYLE (SEQ ID NO: §7), CDR-L2: KVENRESG
(SEQ 1D NO: 585, CDR-L FOVSHVPYT (3EQ ID NO: 39).

in another embodiment, the invention provides a binding protein, or fragment
thereof, comprising an antigen binding domain comprising at least one CDR comprising
an amine acid sequence selected from the group consisting of SEQ 1D NOs: 6, 7, &, 10,

11,12, 14, 15,16, 18,19, 20,22, 23,26, 27, 2§, 30. 31,

b

32, 34, 35,37, 38, and 36, In

Lad

t

another embodiment, the binding protein, or fragment thereof, comprises an aptigen
binding domain comprising at least one VH region comprising an amino actd sequence
selected from the group consisting of SEQ ID NOs: 5, 13,21, 25,33, 40, 42, and 44. In
ver another embodiment, the binding protein, or fragment thereof, comprises an antigen

binding domain comprising at Jeast one VL region comprising an amino acid sequence
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selected from the group consisting of SEQ 1D NG«s: 9, 17, 24, 20, 36, 41, 43, and 45, In
still another embodiment, the binding protein, or fragment thereof, comprises an antigen
binding domain comprising at least one CDR region comprising an amino acid sequence

selected from the group consisting of SEQ ID NOg: 534-59

In an embodiment, the binding protein comprises at least 3 CDRs, for example,
selecied from a VH CDR set selected from the group consisting of SEQ ID NOs: £,7, and
% SEQ ID NOs: 14, 15, and 16; SEQ [D NOs: 14, 22, and 23, SEQ ID NOs: 26, 27, and
28, and 32; SEQ 1D NOs: 26, 34, and 35; and SEQ 1D NOs: 54, 55, and 56. In anofher
embodiment, the at Jeast 3 CDRs are selected from a VL CDR set selected from the group
consisting of SEQ 1D NOs: 10, 11, and 12; SEQ ID NOs: 17, 18, and 19: SEQ ID NOs:
30,31, and 32; SEQ ID NOs: 37, 38, and 39; SEQ D NGs: 42, 43, and 44; and SEQ 1>
NOs: 57, 5%, and 59, In still another embodiment, the at feast 3 CDRs comprise a VH
CDR set of amino actd sequences of SEQ 1D NOs: 34, 55, and 56 and/or a VL CDR set
of amino acid sequences of SEQ 1D NOs: 57, 38, and 5%,

In another embodiment, the binding protein comprises at least two variable
domain CDR sets, Tor example, selected from a group consisting of SEQ ID NQOs: 6,7, 8
and SEQ ID NOs: 10, 11, 12; SEQ 1D NOs: 14, 13, 16 apd SEQ ID NOs: 18, 19, 20, SEQ
ID NOs: 14,22, 23 and SEQ IDNOs: 10,11, 12: SEQ IDNOs: 26, 27, 28 and SEQ ID
NOs: 30,31, 32: and SEQ 1D NOs: 26, 34, 35 and SEQ 1D NOs: 37, 3%, 39

In another embodiment, the binding protein of the invention comprises two
variable domains that have amino acid sequences selected from the group consisting of
SEQ I NO:3 and SEQ ID NO:9; SEQ ID NG:13 and SEQ ID NO:17: SEQ ID NO:21
and SEQ ID NO:24; SEQ ID NO:23 and SEQ 1D NO:29: SEQ D NO:23 and SEQ ID
NO36; SEQ D NG440 and SEG TDNG41; SEQ ID NOG42 and SEQ 1D NCr43: and
SEQ ID NO:44 and SEQ 1D N(O:45. In snother embodiment, the two vanable domaing
have amino acid sequences selected from the group consisting of SEQ 1D NO:60 and
SECQ 1D NO:61: SEQ 1D NO62 and SEQ 1D NO:63; SEQ ID NO:64 and SEQ ID NO:6S,
SEC ID NO:66 and SEQ 1D NO:67; SEQ 1D NO:68& and SEQ ID NO:6Y; SEQ 1D NO:70
and SEQ 1D NO:71: SEQ ID NG:72 and SEQ 1D NO73; SEQ 1D NG:74 and SEQ 1D
NCO:75; and SEQ 1D NG 76 and SEQ TD NO:77. In another embodiment, the two
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variable domains have amino acid sequences selected from the group consisting of SEQ

ID NO:78% and SEQ ID NO:79; and SEQ 1D NO:80 and SEQ ID NO:R1.

In another aspect, the invention provides a humanized antibody, or fragment
thereof, that binds 10 prostaglandin F, the humanized amibody comprising at least one
VH region comprising an amino acid sequence selected from the group consisting of SEQ
1y NOs: 60, 62, 64, 66, 68,70, 72,74, 76,78, and %0, In another embodiment, the
humanized antibody, or fragment thereof, comprises at least one VL region comprising an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 61 63, 45, 67,
69,71, 73,75, 77,79, and 81, In yet another embodiment, the at least one VH region or
at Teast one VL region comprises human acceptor framework sequences that comprise at
feast one amino acid substitution, wherein the amino acid sequence of the framework
sequence s at least 63% identical 10 the sequence of the human aceeptor framework
sequence. For exampie, the human acceptor framework may comprise at least one
framework amino acid substitution at a key residue, the key residue selected from the
group consisting of & residue adjacent to 2 CDR, 2 glycosylation site residue, & rare
residue, 2 residue capable of interacting with prostagtandin E; a residue capable of
interacting with a CDR, & canonical residue, 2 contact residue between heavy chain
variable region and ight chain variable region, a residue within a Vernier zone, and a
residue in a region that overlaps between @ Chothia-defined variable heavy cham CDR]

and & Kabat-defined first heavy chaim framework.

in another ermbodiment the binding protein further comprises a human accepior

framework.

In one embodiment of the invention the human heavy chain and light chain
acceptor sequences are selected from the sequences described in Table 7 and Tabie &
(Example 4.2.1%. Other human heavy chain and light chaip acceptor sequences are well
known in the art and are suitable for use with the mvention. In an embodiment the
binding protein is 2 CDR grafied antibody or antigen binding portion thereof capabie of
binding PGE2. In another embodiment, the binding protein 18 & humanized antibody or
antigen binding postion thereof capable of binding PGE2. In an embodiment, the CDR
grafied antibody or humanized antibody, or amigen binding portion thereof. comprise one

or more CDRs disclosed herein, for example, three or more, four or more, five or more. or

E<
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six or more CDRs. In another embodiment, the CDR grafted antibody or or humanized
antibody, or antigen binding portion thereof, comprises a human acceptor framework.
The said human acceptor framework can be any aceeptor framework of a human
immunoglobulin, In a particular embodiment, the human acceptor framework 18 any one
of the human acceptor frameworks disclosed herein. In an embodiment, the CDRs are
incorporated into & human antibody variable domuin of 2 human acceptor framework. In
an embodiment, the human antibody variable domain is 2 consensus human variable
domain. In another embodiment, the human acceptor framework comprises at least one
Framework Region amino acid substitution at a key residue, wherein the key residue is
selected from the group consisting of a residue adjacent 10 2 CDR; & glycosylation site
residue; a rare residue; » residue capable of interacting with PGE2; a residue capable of
interacting with a CDR. a canonical residue; a contact residue between heavy chain
variable region and light chain variable region; a residue within @ Vernier zone: and &
residue in a region that overlaps between a Chotina-defined variable heavy cham CDRI
and a Kabat-defined first heavy chain framework. In an embodiment, the human acceptor
framework hurnan aceepior framework comprises at feast one Framework Region amino
acid substitution, wherein the aming acid sequence of the framework is at least 65%
identical to the sequence of said human acceptor framework and comprises at least 70
amino acid residues idemtical to said human acceptor framework. In an embodiment. the
framework region amine acid substitution at a key residae is selected from the group
congisting of M (human) at position 48 to I (mouse], V {human) at position 08 10 A
fmouse’, M (human) at position 70 to L {mouse), and T (human) a1 position 72 to V
(mouse) in the heavy chain vartable region: and I (humanj at position 2 to V (mouse} and

V (humani at position 3 1o L (mouse) m the hght chain vanable region.

In another aspect, the invention provides an antibody construct comprising any
one of the binding protein and = linker polypeptide and/or an immunogiobulin constant
domain. In an embodiment, the antibody construct s selected from the group consisting
of an immunoglobulin molecule, a monccionzl antibody, a chimeric antibody, 2 CDR-
grafied antibody, 2 humanized antibody, a Fab, a Fab', & Flab™i2, & Fv. a disulfide linked
Fv. a scFv, a single domain antibody, a disbody, a multispecific antibody, a dual specific
antibody, and @ bispecific antibody. In an embodiment, the antibody construct comprises

o

a heavy chain immunogiobulin constant domain sclected from the group consisting of a

2l
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human IgM constant domain, a human 1gG1 constant domain, a human 1gG2 constant
domain, a human 1gG3 constant domain, a human 1g04 constant domain, 2 human IgE
constant domain, and & human lgA constant domain. In an embodiment, the antibody
construct comprises an immunoglobulin consunt domain having an amine acid sequence
selected {rom the group consisting of SEQ 1D NO.:1: SEQ 1D NO.:2; SEQ 1D NO.:3;
SEQ 1D NO.4: and SEQ 1D NGLS,

In another embodiment, the invention provides an anti-PGE? antibody conjugate
comprising an anti- PGE2 antibody construct and an agent selected from the group
consisting of an immunocadhesion molecule, an imaging agent, a therapeutic agent, and a
cviotoxic agent. In an embodiment, the agent is an imaging agent selected from the group
consisting of a radiolabel, an enzyme, a fluorescent label, & luminescent label, a
bioluminescent label. a magnetic label, and biotin. In another embodiment, the imaging

3 : s T Ir3 14 R 8O Bt Til
agem 1s a radiolabel selected from the group conssting of "H 7"C 75, Y. Te i,

1.351 131

.

s 1TH o t6yy 153 : . .
17w, "o, and Sm, for example. In another embodiment, the agentis a
therapeutic or cytotoxic agent selected from the group consisting of an anti-metabolite, an
alkylating agent, an antibiotic, a growth factor, & cytokine, an anti-angiogenic agent, an

anti-mitotic agent, an anthracycline. a toxin, and an apoptoiic agent,

In another embodiment, the binding protein is glveosylated. In 2 particular

ernbodiment, the PGE2 binding protein has a human glveosylation pattern.

in another embodiment, the PGE2 binding protein, antibody construct or antibody
conjugate is crystallized (e.g., exists as a erystaly. In an embodiment, the crystal is a
carrier-free pharmaceutical controtied release crystal. In another embodiment the
erystallized binding protein, crystallized antibody construct or crystatlized antibody
conjugate has a greater half life in vivo than its soluble counterpart. In another
embodiment the crvstallized binding protein, crystaliized antibody construct or

erystallized antibody conjugate retains biclogical activity after erystallizaion.

Ome aspect of the invention periains to 2 DVD binding protein comprising binding
proieins capable of PGE2. Preferably, the DVD binding protein is capable of binding two
PGE2 binding sites or binding PGE? and a second target. The second target 15 selected
from the group consistng of CSF1 (MCSF), CSF2 (GM-CSF), CSF3 (GCSF), FGFZ,
IFNol, IFNBI, IFNy, histamine and histaminc receptors, 1L-lo, 1L-15, 1L-2, 123, 1L-4,
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IL-5, IL-6, TL-7, L&, IL-9, 1L-16, 1L-11, IL~12a, J1.-128, IL-14, IL-15, 1L-16, 1L-17, [1-
18, 1L-19, KITLG, PDGFB, IL-2R8, IL-4R, IL-5Raq, [L-8Ra, TL-8RE, IL-12REY, B-
12RB2, FL-13Ral, 1L-13Ra2, JL-18R1, TSLP, CCLL, CCL2, CCL3, CCL4, CCLS,
COL7, COLE, COLIZ L7, COLIS, CCLIG, CCL2G, CCL22, CCL24, CX3CLT
OXCLL, CXCL2, CXCLY, XOL1. CCR2, COR3, COR4, CCRS, CORG, CCRT, CCRE,
CWACRY, GPR2, XCRIFOS, GATAZR JAKT, JAKR, STATE, TEBXZ1, TGFBI,
TNFSFE6, YY1, CYSLTRI, FCERILA, FCERZ, LTB4R, TB4R2, LTBR, and Chitinase. In
an embodiment, the DVD binding protein is capable of recognizing PGE? and IL-1f,
PGED and 11-9: PGE2 and 1L-4; PGE2 and 11-3, PGE2 and 11.-25; PGE2 and TARC;
PGE2 and MDC: PGE2 and MIF; PGEZ and TGF-; PGEZ and LHR agonist; PGE2 and
CL2%: PGE? and SPRR2a; PGE2 and SPRR2b; or PGE2 and ADAME. Inan
embodiment, the DVD binding protein is capable of binding PGEZ and TNFa.

in another aspect. the invention provides isolated nucleic acid, encoding a PGE2
tinding protein, antibody construct or aniibody conjugate. A further embodiment
provides vectors comprising the isolated nucleic acids of the mvention, wherein the
vector i selected from the eroup consisting of peDNA; pTT (Durocher et al., Nucleic
Acids Research 2002, Vol 30, No. 23 pTT3 (pT'T with additional muitiple cloning site);
pEFBOS (Mizushima, S. and Nagata, S, (1990) Nucieic Acids Research V ol 18, No. 17y
nBV, pIV: pAZ; and pBlL

In another aspect, the invention provides host cells transformed with the vectors
of the invention. In an embodiment, the host cell is a prokarvotic cell (e.g., E. colil. in
another embodimen, the host cell is & eukarvotic cell, e.g., a protist cell, an animal cell,
an avian cell. a plant cell, a fungal cell (e.g., a yeast cell such as, for example,
Saccharomvcees cerevisiae). & mammalian cell (e.g.. a CHO, COS and HEK293), an

insect cell {e.g., ST,

In another aspect, the invention provides & method of producing a protein that
binds PGE2, comprising culturing any one of the host cells of the invention in a culture
medium under conditions sufficient to produce & binding protein that binds PGEZ.
Another embodiment provides a binding protein produced according 1 the methods of

the imveniion.



In another aspect, the invention provides a formulation that comprises @
crystallized PGE2 binding protein, crystallized ém‘ibody construet or ervstallized
antibody conjugate, an ingredient, and/or at Jeast one polvmeric camer. in an
embodiment, the polymeric carrier is a polymer selected from the group consisting of!

s poly (acrylic acid), poly (cyanoacrylates), poly {amino acids), poly (anhvdrides), poly
{depsipeptide), poly (esters), poly (Jactic acid). poly (lactic-co-glycotic acidy or PLGA,
poly (b-hvdroxybutryate), poly (caprolactone ), poly (dioxanone); poly (ethylene alyeol),
noly ((hydroxypropyl) methacrylamide, poly [(organojphosphazene], poly (ortho esters),
poly (vinyl aleohol), poty (vinyipyrrolidone). maleic anhydride- afkyl vinyl ether

16 copolymers. pluronic polyols, albumin, alginate. cellulose and cellulose derivatives,
coliagen, fibrin, gelatin, hyaluronic acid, oligosaccharides. glvcaminogiveans, suifated
polveaccharides, and a blend and/or copolymer thereof. In another embodiment, the
ingredient is selected from the group consisting of albumin, sucrose, trehalose, jactitol,

gelatin, hydroxvpropyl-B- cvclodexirm, methoxypolyethylene glycol and polvethylene

i

glveol.

In another aspect. the invention provides a method for treating & subject
comprising the step of administering 10 the subject an effective amount of a PGEZ
binding protein, antibody construct, conjugate, or composition. in an embodiment, the
subject is 2 mammal, such as 2 human sufferiag from an nflammatory disease or other

3 disorder deseribed berein, In an embodiment, the ivention provides a method of
reducing, ameliorating, or preventing one or more symptoms of such a disease or
disorder. such as a svmpiom of (2) rheumatoid arthritis, allergic arthritis, juvenile
arthritis, ankylosing spondylitis and osteoarthritis; (b} certain illnesses mduced by
viruses, such as Guillain Barre syndrome, infectious mononucleosis. other viral

2 lymphadenopathies and infections with herpes virus: (c) multiple sclerosis and other
demyelinating diseases: (d) hematological disorders, such as hemolytic anemias and
thromboeviopenias; {¢) endocrinologic disorders, such as diabetes meliitus, Addison's
disease, diopathic hypoparathyroidism and chronic fymphocytic thyroiditis; (f) collagen
disorders. such as svstemic Tapus ervthematosus; and (g} disorders of reproduction such

36 as amenorrhoes, infertilitv, recurrent abortions and eclampsia; and (h) tumors such as
headneck tumor, Jung cancer, gastric cancer, prostale Cancer, PANCIEalc Cancer e and

(i} inflammatory bowel discases than include Crohn’s disease and ulcerative colitis: and
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(i) pain associated with osteoarthritis and other disorders; and (k) ccular disorders such as

age-related macuiar degeneration (AMD),

In another aspect, the invention provides a pharmaceutical composition
comprising @ PGE2 binding protein, antibody. consiruct, conjugate. or composition and &
pharmaceutically acceptable carrier. In an embodiment, the pharmaceutically acceptable
carrier functions as an adjuvant useful 1o increase the absorption or dispersion of the
binding protein. In an embodiment, the adjuvant is hyaluronidase. The pharmaceutical
compaosition may further comprises at feast one additional agent for diagnosing or treating
2 disorder in which PGE? activity is detrimental, for exampie, an agent selected from the
group consisting of a therapeutic agent, an IMaging agent; a CyLOLOXIC agent; an
angiogenesis inhibitor (¢.g., an anti-VEGF antibody or VEGF-trap); a kinase inhibifor
(e.c., a KDR or TIE-2 inhibitor); & co-stimulation molecule blocker (e.g., an anti-B7.1,
anti-B7.2, CTLA4Tg, or anti-CD20); an adhesion molecule blocker (e.g., an ant-LFA-1,
anti-E/L selectin, or small molecule mhibitor); an anti-cytokine antibody or functional
fragment thereof (e.g.. an anti-1L-18. anti-TINF, or anti-IL-6/cytokine receptor antibody )t
methotrexate: cyclosporine; rapamyein; FK506; a detectable label or reporter; a TNF
antagonist; an ant:-rheumatic; a muscle relaxant, a narcotc; a non-steroid anti-
inflammatory drug (NSATD): an analgesic: an anesthetic; a sedative: a local anesthetic: a
neuromuscular blocker: an antimicrobial: an antipsoriaric, & corticosteroid: an angbohe
steroid; an ervthropoieting an immunization; an immunoglobulin; an Immunesuppressive:
a growih hormone; a hormaone replacement drug; @ radiopharmaceutical: an
antidepressant; an antipsychotic; a stimulant; an asthma medication; 2 beta agonist; &n
inhaled steroid; an oral steroid: an epinephrine or analog thereof; a cytokme: and a

cytokine antagonist.

In another aspect, the invention provides a method for inhibiting and/or reducing
PGE2 activity comprising contacting PGE2 with a PGE2 binding prowin such that PGE2
activity is inhibited and/or reduced. In an embodiment, the invention provides & method
for inhibiting and/or reducing PGE2 activity i a subject suffering from a disorder in
which PGE? activity is detrimental, comprising administering to the subject a binding
protein such that PGE2 activity in the subject is inhibited and/or reduced. In another
embaodiment, the method comprises administering to & subject a PGE2 binding protein of

the invention such that treatment 18 achieved.
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In snother aspect, the invention provides a method of treating (e g, curing,
suppressing, ameliorating, delaying or preventing the onset of, or preventing recurrence
or relapse of) or preventing & PGE2-associated disorder in a subject. The method
includes: admimstering to the subiect & PGE2 binding protein (particuiarly an aptagonist),
e.g., an anti-PGE? antibody or fragment thereof, in an amount sufficient o wreat or
preven: the PGEZ-associated disorder, The PGE2 antagonist, ¢.g., the anti- PGE2
antibody or fragment thereof, can be administerad to the subject, alone or m combination

with other therapeutic modalities.

I one embodiment, the subject 15 2 mammal, ¢.g., 8 human suffermy from one or more
PCiE2-associated disorders (e.g., characierized by excessive PGE2 jevels or biosynthesis). Inan
embodiment, The invention provides methods for the tweatment of mflammatory disorders and
disorders of immunity in 2 subject, which disorders may be characterized by excessive POE;
biosynthesis, which methods comprise adiministering to the subject an effective amount of an
antibody specific to PGE,. Disorders that may be treated by the method sccording 10 the
invention mclude antoimmunc and inflammaiory discases and turors in which excessive PGE,

synthesis has been tmplicated. Such disorders nclude: {a) sheamatosd arthris, allergic arthritis,

juvenile arthritis, ankylosing spondylitis and osteoarthritis; (b} certain illnesses mduced by

viruses, such ag Guillain Barre syndrome, infectious menonucleosis, other viral
lvmphadenopathies and infections with herpes virus: (¢} multiple sclerosis and other
dernvelinating diseases; (d) hematological disorders, such as hemolyuc anemiag and
fhramboeviopenias: (e} endocrmelogic disorders. such as dabetes meilitus, Addison’s disease,
idiopathic hypoparathyroidism and chronic lvmphoeytc thyroiditis; {fy collagen disorders. such as
systemic lupus ervthematosus; and (g) disorders of reproduction such as amenorthoesa, infertility,
recurrent abortions and eclampsia; and (h) turnors such a8 headneck tumor, lung cancer, gastric
CATICET, DIOStte cancer, pancreatic cancer e1¢; and (1) inflammatory bowel diseases than include
Crohn’s disease and uicerative colits; and (§) pain associated with osteoarthritis and other
disorders: and (k) orular disorders such as age-reiated macular degeneration (AMD). In another
aspect, this application provides 2 method for detecting the presence of PGE2 1n 2 sampie
in vitro {e.g., 2 biological sample, such as serum, piasma, tissue, biopsy). The subject
method can be used to diagnose & disorder, e.g., an immune cell-associated disorder. The
method inchudes: (i) contacting the sample or & control sample with the ant- PGEZ
antibody or fragment thereof as described herein: and {3} detecting formation of &
complex berween the anti- PGE2 antibody or fragment thereof, and the sample or the

control sample, wherein a statistically significant change in the formation of the complex

24
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in the sample refative 1© the contro! sampie is indicative of the presence of the PGEZ In

the sampie.

In yet another aspect, this application provides & method for detectng the
presence of PGED in vive (e.g., in vive imaging in a subject). The subject method can be
used to diagnose a disorder, e.g., & PGE2- associated disorder. The method includes: (1}
administering the anti- PGE2 entbody or fragment thereof as described herein 1o a
subject or a control subject under conditions that allow binding of the antibody or
fragment to PGE2; and (it) detecting formation of & complex between the antibody or
fragment and PGE2, wherein a statistically significant change in the formation of the
complex in the subject relative to the control subject is indicative of the presence of

PGEZ.

In another aspect, the binding proteins of the invention are useful for weating a
disorder selected fram the group consisting of arthritis, ostecarthritis, juvenile chrotic
arthritis, septic arthritis, Lyme arthrins, psoriatic arthritis, reactive arthrits,
spondyloarthropathy, systemic lupus erythematosus, Crohn's disease, ulceratve colits,
inflammatory bowel disease, insulin dependent diabetes mellitus, thyroiditis, asthma,
allergic discases, psorizsis, dermatitis scleroderma, graft versus host discase, organ
transplant rejection, acute or chronic immune disease associated with organ
transplanation. sarcoidosis, atherosclerosis, digseminated intravascular coagulation,
Kawasaki's discase, Grave's disease, nephrotic syndrome, chronic fatigue syndrome,
Wegener's granuiomatosis, Henoch-Schoenlein purpurca, microscopic vaseulitis of the
kidneys, chronic active hepatitis, uveitis, septic shock, toxic shock syndrome, sepsis
syndrome, cachexiz, infectious diseases, parasitic discases, acquired immunodeficiency
syndrome, acuic transverse myelitis, Huntington's chorea. Parkinson's disease,
Alzheimer's discase. stroke, primary biliary cirrhosis, hemolytic anerma, malignancies,
heart failure, myocardial infarction, Addison's disease, sporadic, polyglandular deficiency
type 1 and polyglandular deficiency type 11, Schmidt's syndrome, adult (acute) respiratory
distress syndrome, alopecia, alopecia arcatz, seronegative arthopathy, arthropathy,
Reiter's discase. psoriatic arthropathy, ulcerative colitic arthropathy, enteropathic
synovitis, chlamydia, versinta and salmonelia associated arthropathy,
spondvioarthopathy, atheromatous disease/arteriosclerosis, atopic allergy, AULOINIIUNE

bullous disease, pemphigus vulgaris, pemphigus foliaceus, pemphigeid, linear IgA
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discase, autoimmune hacmolytic anaemia, Coombs positive haemolytic anacmia,
acquired pernicious anaemia, juvenile pernicious anaemiz, myalgic encephaiitis/Royal
Free Disease, chronic mucocutaneous candidiasis, giant cell arteritis, primary sclerosing
hepatitis, cryptogentc autoimmune hepatius, Acquired Immunodeficiency Disease
Syndrome, Acquired Immunodeficiency Related Discases, Hepatitis B, Hepatitis C,
common varied immunodeficiency {common variable hypogammagiobulinaermia), dilated
cardiomyopathy, female infertility, ovarian failure, premature ovarian failure, fibrotic
lung disease. cryptogenic fibrosing alveofitis, post-inflammatory interstitial lung disease,

interstitial pneumonitis, connective tssue disease associated interstitial lung disease,

interstitial lung disease. rheumatoid arthrits associated interstitial lung disease, systemic
Jupus erythematosus associated lung disease, dermatomyositis/polymyosits assoeiated
lung disease, Sjderen's disease associated fung disease, ankylosing spondylitis associated
fung discase, vasculitic diffuse lung discase, haemosiderosis associated lung discase,
drug-induced interstitial lung disease, fibrosis, radiation fibrosis, brenchiolits obliterans,
chromic eosinophilic pneumonia, lymphoceytic infiltrative fung disease, postinfectious
interstitial lung disease, gouty arthritis, autoimmune heparttis, type-1 autoimmune
heparitis (classical autoimmune or fupoid hepatitis), type-2 autoimmune hepatitis { anti-
LK.M antibody hepatitis}, autoimmune mediated hypoglveaemia, type B insulin resistance
with acanthosis nigricans, hypoparathyroidism, scute immune disease associated with
organ transplantation, chronic mumune disease associated with organ transplantation.
osteoarthrosis, primary sclerosing cholangitis, psoriasis type 1, psoriasis type 2,
idiopathic leucopaenia, autoimmune neuwopaenia, renal disease NOS,
siomerulonephritides, microscopic vasulitis of the kidneys, Tvme discase, discoid lupus
ervthematosus, male infertility idiopathic or NOS, sperm autoimmunity, multiple
sclerosis {ail subtypes), sympathetic ophthalmia, pulmonary hypertension secondary to
connective tssue disease, Goodpasture’s syndrome, pulmonary manifestation of
potvarteritis nodesa, acute theumatic fever, theumatoid spondylitis, Sall's discase,
systeric sclerosis, Sidrgren's syndrome, Takayasu's discase/arterints, autoimmune
thrombocytopaenia, idiopathic thrombocytopaenia, autoimmune thyroid disease,
hyperthyroidism, goitrous autoimmune hypothyroidism (Hashimoto's disease), atrophic
autoimmune hypothvroidism, primary myxoederna, phacogenic uveinis, primary

vasculits. vitiligo acute liver discase, chronic liver discases, alcoholic cirrhosis, aleohol-

el
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induced liver injury, choleosatatis, idiosyncratic liver disease, Drug-Induced hepatitis,
Non-alcoholic Steatohepatitis, allergy and asthma, group B streptococei (GBS) infection,
mental disorders (e.g., depression and schizophrenia), Th2 Type and Th1 Type mediated
diseases, acute and chronic pain (different forms of pain}, and cancers such as ung,
breast, stomach, biadder, colon, pancrcas, ovarian, prostate and rectal cancer and
hemuatopoietic malignancies {leukemia and lymphoma), Abetahipoprotemnia,
Acrocyanosis, acute and chronie parasitic or infectious processes, acute leukemiz, acute
tvmphoblastic leukemia (ALL), acute myeloid leukemia (AML), acute or chronie
hacterial infection, acute pancreatitis, acuie renal failure, adenocarcinomas, aerial ectopic
beats, AIDS dementia complex, alcohol-induced hepatus, allergic conjuncrivitis, allergic
contact dermaritis, allergic thinitis, allograft rejection, alpha-1- antitrypsin deficiency.
arnyotrophic lateral sclerosis, anemia, angina pectoris, anterior horn cell degeneration,
anti cd3 therapy, antiphospholipid syndrome, anti-receptor hypersensitivity reactions,
aordic and peripheral aneuryisms, aortic dissection. arterial hypertension, arneriosclerosts,
arteriovenous fstuls, ataxia, atrial fibrillation {sustained or paroxysmal), atrial flutter,
atrioventricular biock, B cell lymphoma, bone graft rejection, bone marrow transplant
(BMT) rejection, bundie branch block, Burkitts tvimphoma, Bums, cardiac arrhythmias,
cardiac stun syndrome, cardiac tumors, cardiomyopathy, cardiopulmenary bypass
inflammation response, cartilage transplant rejection. cerebellar conical degenerations,
cercheilar disorders, chaotic or multifoeal arrial tachycardia, chemotherapy associated
disorders, chromic myelocyiic leukeria (CML). chronic alcoholism, chronic
inflammatory pathologies, chronic ymphocytic leukemia (CLL), chronic obstructive
pulmonary disease (COPD). chronic sakicylate intoxication, colorectal carcinoma,
congestive heart failure, conjunctivitis, contact dermatitis, cor pulmonale, coronary ariery
disease, Creutzfeldt-Takob disease, culture negative sepsis, cystic fibrosig, cytokine
therapy associated disorders, Demenrtia pugilistica, demyelinating discases. dengue
hemorrhagic fever, dermatitis, dermatologic conditions, diabetes, diabetes mellitus,
dizbetic ateriosclerotic discase, Diffuse Lewy body discase, dilated congestive
cardiomyopathy, disorders of the basal gangha, Down's Syndrome in middle age, drug-
induced movememnt disorders induced by drugs which block CNS dopamine receptors,
drug sensitivity. eczema, encephalomyelitis, endocarditis, endocrinopathy. epiglotiitis,
Epsigin-Barr virus infection, erythromelalgia, extrapyramidal and cerebellar disorders,

famnilial hematophagocytic lvmphohistioeytosts, fetal thymus implant rejection.
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Friegreich's ataxia, functional peripheral arterial disorders, fungal scpsis, gas gangrene,
castric ulcer, glomerular nephritis, graft rejection of any organ or tissue, gram negative
sepsis, gram positive sepsis, granulomas due to intracellular organisms, hairy celi
leukemia, Hallerrorden-Spatz disease, Hashimoto's thvroiditis, hay fever, heart ransplant
reicction, hemachromatosis, hemodialysis, hemolytic uremic syndrome/thrombolytic
thrombocyiopenic purpura, hemorrhage, hepatins (A}, His bundle arrythmias, HIV
infection/HIV neuropathy, Hodgkin's disease, hyperkinetic movement disorders,
hypersensitity reactions, hypersensitivity pneumonitis, hypertension, hypokinetic
movement disorders, hypothalamic-pituitary-adrenal axis evahation, idiopathic Addison's
discase, idtopathic pulmonary fibrosis, anubody mediated cytotoxicity, Asthenia, infantile
spinal muscular arrophy, inflammation of the aorta, influenza e, jonizing radiation
exposure, iridocyclitis/uveitis/optic neuritis, ischemia- reperfusion injury, 1schernic
stroke, juvenile rheusnatoid arthritis, juvenile spinal muscular atrophy, Kaposi's sarcoma,
kidney transplant rejection, legionella, feishmaniasis, leprosy, lesions of the corticospinal
systern, lipedema, liver transplant rejection, lymphederma, malaria, malignamt
Lymphoma, malignant histiocytosis, malignant melanoma, meningitis, meningococcemia,
metabolic/idiopathic, migraine headache, mitochondrial multi system disorder, mixed
connective tissue disease, monocional gammopathy, muliple myeloma, multiple systems
degenerations (Mencel Dejerine- Thomas Shi-Drager and Machado-Joseph), myasthenia
gravis, mycobacterium avium intracellulare, mycobacterium tuberculosis, myelodypiastic
syndrome, myocardial infarction, myocardial 1schemic disorders. nasopharyageal
carcinome, neonatal chronic lung disease, nephritis, nephrosis, neurodegenerative
diseases, neurogenic [ muscular atrophies , neutropenic fever, non- Hodgkins ymphoma,
scclusion of the abdorminal aoria and its branches, occulstve arterial disorders, okt3
therapy, orchitis/epidydimitis, orchitis/vasectomy reversal procedures, organomegaly,
osteoporosts, pancreas transplant rejection, Pancreatic Carcinoma, paraneoplastic
syndrome/hypercalcemia of malignancy, parathyroid transplant rejection, pelvic
inflammatory disease, perennial rhinitis, pericardial disease. peripheral atherlosclerotic
disease, peripheral vascular disorders, peritonitis, pericious anemia, pneumocystis
carinii pneumonia, pneumonia. POEMS syndrome (polyneuropatity, organomegaly.
endocrinopathy, monoclonal gammopathy, and skin changes syndrome), post perfusion
syndrome, post pump syndrome. post-MI cardiotomy syndrome. preeclampsia,

Progressive supranucleo Palsy. primary pulmonary hypertension, radiation therapy,
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Raynaud's phenomenon and disease, Raynoud's disease, Refsum's discase, regular narrow
QRS tachycardia, renovascular hypertension, reperfusion injury, restrictive
cardiomyopathy, sarcomas, scleroderma, senile chorea, Senile Dementia of Lewy body
type. seronegative arthropathies, shock, sickle cell anemia, skin allograft rejection. skan
changes syndrome, small bowel transplant rejection. solid tumeors, specific arrythmias,
spinal ataxia, spiocerebellar degenerations, streptococcal myositis, structural legions of
the cerebellum. Subacute sclerosing panencephalitis, Svncope. syphilis of the
cardiovascular svstern, systemic anaphalaxis, systernic inflammatory response syndrome,
systemic onset huvenile theumatoid arthrits, T-celi or FAB ALL, Telangiectasia.
thromboangitis obiiterans, thrombocytopenia, oxicity, transplanss, trauma/hemorrhage,
type 11 hypersensitivity reactions, type ['V hypersensitivity, unstable angine, uremis,
wrosepsts, urticaria, valvolar heart diseases, varicose veins, vasculits, venous diseases,
venous thrombosis, vemricular fibriliation, viral and fungal infections, vital
encephalitis/aseptic meningitis, vital-associated hemaphagocytic syndrome, Wernicke-
Korsakoff syndrome, Wilson's disease, xenograft rejection of any organ or tissue, Acute
coronary syndromes. Acute Idiopathic Polyneuritis. Acute Inflammatory Demyelinating
Polyradiculoneuropathy, Acute ischemia, Adult Stil's Disease, Alopecia areata,
Anaphylaxis, Anti-Phospholipid Antibody Syndrome, Aplastic anemia, Arteriosclerosis,
Atopic eczema, Atopic dermatitis, Autormnrune dermants, Antoimmune diserder
assoctated with Streptococcus imfection, Autoimmune Emeropathy, Avioimumune
earingloss, Autoimmune Lymphoproliferative Syndrome (ALPS), Awtoimmune
mvocarditis, Auioimmune premature ovarian failure, Blepharitis, Bronchiectasis, Bullous
nemphigoid, Cardiovascular Discase, Catastrophic Antiphospholipid Syndrome, Celiac
Discase, Cervical Spondylosis. Chronic ischemta, Cicatricial pemphigoid, Chinically
isolated Syndrome (CIS) with Risk for Multiple Sclerosis, Conjunctivins, Childhood
Onset Psychiatric Disorder, Chronic obstructive pulmonary disease (COPD),
Dacrvocystitis, dermatomyosits, Diabetic retinopathy, Diabetes mellitus, Disk herniation,
Disk prolaps, Drug induced immune hemolvtic anemia, Endocarditis, Endometriosis,
endophthalmitis, Episcleritis, Erythema multiforme. erythema multiforme major,
Gestational pemphigoid, Guillain-Barré Syndrome (GBS), hay fever. Hughes Syndrome |
idiopathic Parkinson’s Disease, idiopathic interstitial preumonia, IgE-mediated Allergy.
immune hemotytic anemia, Inclusion Body Myositis, Infectious ocular inflammatory

disease | Inflammatory dernvelinating disease. Inflammatory heart disease. Inflammatory
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kidney disease, IPF/UIP, Iritis, Keratitis, Keratojuntivitis sicca, Kussmaul discase or
Kussmau-Meier Disease, Landry's Paralysis, Langerhan's Cell Histioevtosis, Livedo
reticutaris, Macular Degeneration, Microscopie Polvangutis, Morbus Bechterev, Motor
Neuron Disorders, Mucous membrane pemphigoid | Multiple Organ fatlure, Myasthenia
Gravis, Myelodysplastic Syndrome, Myocarditis, Nerve Root Disorders, Neuropathy,
Non-A Non-B Hepatitis, Optic Neuritis, Osteolvsis, Pavciarticular JRA | peripheral artery
oeclusive disease (PAQD), peripheral vascular disease (PVD), peripheral antery disease
(PAD), Phiebitis, Polvarteritis nodosa (or periarteritis nodoesa), Polychondrits,
Polymyalgia Rheumatica, Poliosts, Polyarticular JRA, Polyendocrine Deficiency
Svadrome, Polymyositis, polymyalgia rheumatica (PMR}, Post-Pump Syndrome, primary
parkinsonism, Prostatitis, Pure red cell aplasia, Primary Adrenai Insufficiency. Recurrent
Neurgmyelitis Optica, Restenosis, Rheumatic heart disease, SATHO (synovitis, acne,
pustulosis, hyperostosis, and osteitis), Sciercderma, Secondary Amyloidosis, Shock lung,
Scleritis, Sciatica, Secondary Adrenal Insefficiency. Silicone associated connective 1issue
disease, Sneddon-Wilkinson Dermatosis, spondilitis ankylosans, Stevens-Johnson
Syndrome (SIS), Systemic mflammatory response syndrome, Temporal arteritis,
toxoplasmic retinitis, toxic epidermal necrolvsis, Transverse myelits, TRAPS (Tumor
Necrosis Factor Receptor, Type 1 allergic reaction, Type 1T Diabetes, Urticariz, Usual
interstitial pneumonia (UIPY, Vasculitis, Vernal conjunctivits, viral retinitis, Vogt-
Kovanagi-Harade syndrome (VKH syndrome), Wet macular degencration, and Wound

healing.

in an embodiment, diseases that can be treated or diapnoscd with the composiuons

and methods of the invention include, but are not Himited to, primary and metastatic
cancers, including carginomas of breast, colon, rectum, Jung, oropharynx, hypopharynx,
esophagus, stomach, pancreas, liver, gallbladder and bile ducts, small intestine, urinary
tract {including kidney, bladder and urothelium}, female genital fract (including cervix,
uterus, and ovaries as well as choriocarcinoma and gesrational trophoblastic disease),
male genital tract (including prostate, seminal vesicles, testes and germ cell tumors),
endocrine glands (inctuding the thyroid, adrenal, and pituitary glands), and skin, as well
as hemangiomas, melanomas, sarcomas (including those anising from bone and soft
tissues as well as Kaposi’s sarcoma). tumors of the brain. nerves, eves, and meninges

fincluding astrocyvtomas. pliomas, ghioblastomas, retinoblastomas, neuromas,
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neurcblastomas, Schwannomas, and meningiomas), solid tumors arising from
hematopoietic malignancies such as leukemias, and lymphornas {both Hodglan's and non-

Hodgkin's lvmphomas].

The method comprises adminisiering 1o the subject a PGED antagonist. e.g. 2
PGE2 antibody or & fragment thereof, in un amount sufficient to troat {e.g., reduce,
ameliorate) or prevem one or more symptoms, The PGEZ antibody can be administerad
therapeutically or prophylactically, or both. The PGE2 antagomst, e.g., the anti- PGE2
antibody, or fragment thereof, can be administered to the subject, afone or in combination

with other therapeutic modalities as described herein. Preferably, the subject is 2

mammal, e.g.. 2 human suffering from a PGED- associated disorder as described herein.

In another aspect, the binding proteins of the invention are useful for treating &
disorder selected from the group consisting of Acute Lymphoblastic Leukemia, Acute
Myeloid Leukemnia, Adrenocortical Carcinoma, Anal Cancer, Appendix Cancer,
Cerebellar Astrocvtoma, Cerebral Astrocytoma, Basal Cell Carcinoma, Bite Duct Canger,
Extrahepatic, Bladder Cancer, Bone Cancer, Osteosarcorna/Malignant Fibrous
Histiceytome Brain Stem Gliema, Brain Turmnaor, Brain Stem Glioma, Cerebral
strocytoma/Malignant Glioma, Ependymoma, Medulloblastoma, Supratentorial Primitive
Neuroectedermal Tumors, Viseal Pathway and Hypothalamic Glioma, Breast Cancer,
Bronchial Adenomas/Carcinoids, Carcinoid Tumer, Carcinoid Tumor,Gastrointestinal
Carcinoma of Unknown Primary, Central Nervous System Lvmphoma, Prumary
Cerebellar Astrocyvioma, Cervical Cancer, Chronic Lymphocytic 1 eukemia, Chronic
Myelogenous Leukemia Chronic Myeloproliferative Disorders, Colon Cancer, Colorectal
Cancer. Cutancous T-Cell Lymphoma,. Endometrial Cancer, Ependymoma, Esophageal
Cancer, Ewing Famity of Tumors, Extracranial Germ Cell Tumor, Extragonadal Germ
Cell Tumor, Extrahepatic Biie Duct Cancer, Eve Cancer, Intraocular Melanoma
Retinoblastoms, Gallbladder Cancer, Gagtric (Stomach) Cancer, Gastrointestinal
Carcinoid Tumer, Gastrointesiinal Stromal Tumor (GISTS, Extracrantal Germ Cell
Tumor, Extragonadal Germ Cell Tumor, Ovarian Germ Cell Tumor, Gestational
Trophobiastic Tumor, Glioma, Brain Stem Glioma, Cerebral Astrocytoma Glioma,
Childhood Visual Pathway and Hypothalamic Glioma, Hairy Cell Leukemia, Head and
Neck Cancer, Hepatocellular (Liver) Cancer, Hodgkin Lvmphoma, Hypopharyngeal

Cancer. Intraocular Melanoma, Islet Cell Carcinoma (Endocrine Pancreas), Kapost
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Sarcoma, Kidney (Renal Cell) Cancer, Laryngeal Cancer, Acute Lymphoblastic
Leukemia, Acute Myveloid Leukemia, Chronic Lymphocytic Leukemiz, Chronic
Myeiogenous Leukemia, Hairy Cell Leukemiz, Lip and Oral Cavity Cancer, Liver
Cancer, Non-Small Cell Lung Cancer, Small Cell Lung Cancer, AIDS-Related
tymphoma, Burkitt Lymphoma, Cutancous T-Cell Lymphomas, Hodgkin Lymphoma,
Non-Hodgkin Lymphoma, Primary Central Nervous System Lymphoma, Waldensudm
Macroglobulinemia, Malignant Fibrous Histiocytoms of Bone/Osteosarcoma,
Medulloblastoma, Melanoma, Intraocular (Eye) Melanoma, Merkel Cell Carcinoma,
Malignant Mesothelioma, Metastatic Squamous Neck Cancer with Oceult Primary,
Mouth Cancer, Multiple Endocrine Neoplasia Syndrome, Multiple Myeloma/Plasma Cell
Neoplasm, Mycosis Fungoides, Myelodysplastic Syndromes,
Myelodysplastic/Myveloproliferative Diseases, Myelogenous Leukenia, Chronic Myeloid

cukemia, Multiple Myeioma, Myeloproliferative Disorders, Nasal Cavity and Paranasal
Sinus Cancer, Nasopharyngeal Cancer, Neuroblastoma, Oral Cancer, Oral Cavity Cancer,
Lip and Oropharyngeal Cancer, Osteosarcoma/Malignant Fibrous Histiocytoma of Bone,
(rvarian Cancer, Ovarian Epithelial Cancer, Ovarian Germ Cell Tumor, Orvartan Low
Malignant Potential Tumeor, Pancreatic Cancer, Isiet Cell Pancreatic Cancer, Paranasal
Sinus and Nasal Cavity Cancer, Parathyroid Cancer, Penile Cancer, Pharyngeal Cancer,
Pheochromocyioma, Pineoblastoma and Supratentorial Primitive Neuroectodermal
Tumors, Pititary Tumor, Plasma Celt Neoplasm/Multiple Myeloma, Plearopulmonary
Blasioma, Prostate Cancer, Recial Cancer, Renal Cell (Kidney) Cancer, Renal Pelvis and
Ureter, Transitiopal Ceil Cancer, Retinoblastoma, Salivary Gland Cancer, Sarcoma,
Ewing Family of Tumors, Kaposi Sarcorna, Soft Tissue Sarcoma, Uterine Sarcoms,
Sézarv Syndrome, Skin Cancer (Nonmelapomaj, Skin Cancer ( Meianoma). Merkei Cell
Skin Carcinoma, Smali Intestine Cancer, Squamous Cell Carcinoma, Metastatic
Sauamous Neck Cancer with Oceult Primary, Stomach (Gastric) Cancer, Supratentorial
Primitive Neuroectodermal Tumors, Cutanecus T-Cell Lymphoma, Testicular Cancer,
Throat Cancer, Thymoma, Thymoma and Thymic Carcinoma, Thyroid Cancer,
Transitional Cali Cancer of the Renal Pelvis and Ureter, Gestational Trophoblastic
Tumor. Ureter and Renal Pelvis, Transitional Cell Cancer, Urethral Cancer, Uterine
Cancer. Endometrial Uterine Sarcoma, Vaginal Cancer, Visual Pathway and

Hypothalamic Glioma, Vulvar Cancer, Waldenstrom Macrogiobulinemia, Wilms Tumor.
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In another aspect the invention provides a method of treating 2 patient suffering
from 2 disorder in which PGE2 is detrimental comprising the step of administering any
one of the binding proteins disclosed above before, concurrently, or after the
administration of a second agent, as discussed above. In an embodiment the second
therapeutic agent that can be coadministered and/or coformulated with one or more PGE2
antagonists, (e.q.. anti-PGE2 antibodies or fragments thereof) include, but are not Timited
to, one or more of: inhaled steroids; oral steroids; beta-agonists, e.g., short-acting or long-
acting beta-agonists; antagonists of leukotrienes or leukotriene receptors: combination
drugs such as ADVAIR; IgE inhibitors, e g., anti-IgE antibodies (e.g., XOLAIR};
phosphodiesterase inhibitors (e.g., PDE4 inhibitors); xanthines; anticholinergic drugs:
mast cell-stabilizing agente such as cromolyn; 1L-4 mhibstors; TL-5 mhibrtors:
eotaxin/COR 3 inhibitors; antagonists of histamine or ite receptors including H1, HZ, H3,
and H4, and antagonists of prostaglandin [ or its receptors (DP1 and CRTHZ2) . Such
combinations can be used 1o treat asthma and other respiratory disorders. Additional
examples of therapeutic agents that can be coadministered and/or coformulated with one
or more anti- PGE2 antibodies or fragments thereol include one or more off TNF
antagonists (e.g., & soluble fragment of a TNF receptor, e.g.. p35 or p75 human TNE
recepior or derivatives thereof, e.g., 75 kD TNFR-1gG (75 kD TNF receptor-1g( fusion
protein, ENBREL)); TNT enzyme antagonists, e.g.. TNF converting enzyme (TACE)
inhibitors; muscarinic receptor antagonists: TOF-beta antagonists: interferon gamma;
perfenidone; chemotherapeutic agents, e.g., methotrexate, leflunomide, or a sirolimus
(rapamycin} or an analog thereof, e.g., CCE-779; COX2 and cPLAZ inhibitors; NSAIDs:
immunomodutators; p38 inhibitors, TPL-2, MK-2 and NFKB inhibitors, among others.
Additional second agent is selected from the group consisting of budenoside. epidermal
growth factor, corticosteroids, cyclosporin. sulfasalazine, aminosalicylates, 6-
mercaptopuring, azathioprine, metronidazole, ipoxygenase inhibitors, mesalamine,
olsalazine. balsalazide. antioxidants. thromboxane inhibitors. IL-1 receptor antagonists,
anti-IL-1 [, monoclonal antibodies, anti-IL-6 monocional amibodies, growth factors,
glastase inhibitors, pyridinyl-imidazole compounds, antibodies or agonists of TNF. LT,
-1, 0.2, 10-6, IL-7. T1.-8, TL-15, [L-16, IL-18, EMAP-IL, GM-CSF, FGF, and PDGF,
amtibodies of CD2, CD3, CD4, CDE, CD25, CD2&, CD30, CD40, CD45, CDoY, CDYG or
their Trgands, methotrexate, cvclosporin, FK 506, rapamycin, mycophenolate mofetil,

leflunomide, NSALDs, ihuprefen, corticosteroids, prednisolong, phosphodicsicrase
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inhibitors, adensosine agonists, antithrombotic agents, complement inhibitors, adrenergic
agents, IRAK, NIK, IKK, p38, MAP kinase inhibitors, IL-1{ converting enzyme
inhibitors, TNFa converting enzyme inhibitors, T-cell signalling inhibitors,
metalloproteinase inhibitors, sulfasalazine, azathioprine, 6-mercaptopuarnnes, angigionsin
soluble p7% TNF receptor, sIL-1RI sIL-IRIL, ¢IL-6R. antiinflammatory cylokines, IL-4,

IL-10, IL-11, and TGFQ.

In 2 particular embodiment, the invention provides & method of treating a patient
suffering from a disorder in which prostaglandin E; is detnmental, the method comprising
the step of administering a binding protein of the invention before, concurrently, or after
the administration of & second agent, wherein the second agent is selected from the group
consisting of the drugs that currently are used for the rreatment of various human diseases
and disorders. A list of such drugs is available from the internet at www. drugs.com. This
Jist is updated frequently to refiect the state-of-art for the treatment of varjous human
diseases. A Iist of such drugs s also available from the most updated drug guide
(Complete Guide to Prescription & Nonpresciption Drugs 2008 by H. Winter Griffith,
Stephen Moore, ISBN-13: 978-0399533723). The anti-PGE, binding prowein can be
combined with any of the therapies in the above list for a particular disease conditions.
For example. the anti-PGE, binding protein can be combined with one or more agems for
the treatment of theumatoid arthritis and juvenile rheunatoid arthritis. Exampies of these
agents include, but are not Jimited 1o, methotrexate, leflunomide, low doses of
corticosteroids such as prednisone or cortisone, anti-malarial medications such as
nvdroxychlorequine, goid, suifasalazine, penicillamine, cyclophosphamide, cvclosporine,
minocycline, acetaminophen, aspirin, ibuprofen. naproxen, celecoxib, Infliximab,
etanercept, adalimumab, abatacept, rituximab.anakinra and other new biologic agems and
oral delivery agents targeting 1L-6, IL-6R. TL-17, IL-18, 1L-23, B7.1/B7.2. The ant-
PGE, binding protein can be combined with one or more agents for the rreatment of
ostecarthritis. Example of these agents inciude but are not limited to acetaminophen,
aspirin, ibuprofen, naproxen, celecoxib, steroids, artificial joint fluid such as synvisc. and
hyalgan, The anti-PGE; binding protein can be combined with onc or more agents for the
treatment of Crohn’s discase. Examples of these agents include but are not himiied 1©

adalimurmab, azasan, asacol, azathioprine. azulfidine, budesonide, entocort, flagyl,

3
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imuran, infliximab, mercaptopurine, metronidazole, protostat, purinethoel, remicade, and
sulfasalazine. The anti-PGE; binding protein can be combined with one or more agents
for the treatment of ankviosing spondylitis, Examples of these agents include but are not
Bimited 1o acetocot, acetylsalicylic acid, acuprin 81, adalimumab, aleve, amcort. anaprox,
artglocort, aspirin, aspirtab, azmacort, bufferin, buffex, cataflam, celebrex, clinoril,
cortisone, diclofenac, dipentum, easprin, etanercept, indocin, indomethacin, infliximab,
naproxen, remicade, riamcinolone, and voltaren. The anti-PGE; binding protem can be
combined with one or more agents for the treatment of multiple sclerosis. Examples of
these agents inchude but are not limited to Avonex, Azasan, Azathioprine, Betaseron,
Bubbli-Pred, Copaxone, Cotolone, Glatiramer, Imuran, Interferon Beta-1a, Interferon
Beta-1b Solution, Kev-Pred, Key-Pred SP, Mitoxantrone, Natalizumab, Novantrone,
Orapred, QOrapred ODT, Pediapred, Pred-Ject-30, Predacornt 50, Predalone 50, Predate-50,
Predniscione, Prelone, Rebif, and Tysabri, The anti-PGE; binding protein can be
combined with one or more agents or treatment procedures for the treatment of various
human cancers and maligancies. Besides 2 list available from the nternet website
www.drugs.com and from the most updated drug guide (Complete Guide to Prescription
& Noapresciption Drugs 2008, by H. Winter Griffith, Stephen Moore, ISBN-13: 978~
03995337233, NCT also maintains drug information ebout certain drugs that are approved
by the U.S. Food and Drug Administration (FDA} for the treatment of cancer or
conditions refeted to cancer. Examples of these agents include but are not limited fo
Abraxane, Adriamvein, Adrucil, Aldars, Alemuzumab, Alimta, Aminolevulinic Acid,
Anastrozole, Aprepitant, Arimidex, Aromasin. Arranon, Arsenic Trioxide, Avastn
(Bevacizumab), Azacitidine, Bevacizumab, Bexarotene, Bortezomib, Campath

{ Alemtuzumab), Camptosar (irinotecan Hydrochloride}, Capecitabine, Carboplatin,
Cetuximab, Cisplatin, Clafen {Cyclophosphamide), Clofarabine, Clofarex (Clofarabine),
Ciolar (Clofarabine), Cyclophosphamide, Cyiarabine, Cytosar-U (Cytarabine), Cyioxan
(Cyelophosphamide}, Dacogen (Deciwbine), Dasatinib, Decitabine, DepoCyt (Liposomal
Cvtarabine), DepoFoam (Liposomal Cyvtarabine), Dexrazoxane Hydrochloride,
Docetaxel. Doxil (Doxorubicin Hvdrochloride Liposome), Doxorubicin Hydrochloride.
Doxorubicin Hydrochloride Liposome. Dox-SL (Doxorubicin Hydrechloride Liposome),
Efudex (Fluorouracil), Elience (Epirubicin Hvdrochloride). Eloxatin (Oxaliplaun),
Emend (Aprepitant). Epirubicin Hydrochloride. Brbimux { Cetaximab), Erlounib

Hydrochloride, Evacet (Doxorubicin Hydrochloride Liposome), Evista (Raloxifenc
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Hydrochloride), Exemestane, Fasiodex (Fulvestrant) Femara ( Letrozole), Fluoroplex
(Fiucrouracil). Fluorcuracil, Fulvestrant, Gefitinib, Gemcitabine Hydrochloride,
Gemtuzumab Ozogamicin, Gemzar (Gemeitabine Hydrochloride), Gleevee {lmatinib
Mesvlate), Herceptin (Trastuzumab), Hycamtin (Topotecan Hydrochloride), Irnanunib
Mesylate, Imiquimod, Jressa (Gefitinib), Irinotecan Hydrochloride, Ixabepilone, Ixernpra
{Txabepilone), Keoxifene (Raloxifene Hydrochloride), Kepivance (Paliferming, Lapatinib
Ditosvlate, Lenalidomide, Letrozole, Levulan { Aminolevalinic Acid), Lipolox
(Doxorubicin Hydrochloride Liposome). Liposomal Cytarabine, Methazolastone
(Temozolomide), Mylosar ( Azacitidine), Mylotarg (Gemtuzumab Ozogamicing,
Naroparticle Paclitaxe] (Paclitaxel Albumin-stabilized Nanoparticle Formulation),
Nelarabine, Neosar {Cyclophosphamide), Nexavar (Sorafenib Tosylate), Nilotinib,
Notvadex (Tamoxifen Citrate), Oncaspar (Pegaspargase), Oxaliplatin, Paclitaxel,
Paclitaxel Albumin-stabilized Nanoparticle Formulation, Palifermin, Panitumumab,
Paraplat (Carboplatin}, Paraplatin (Carboplatin). Pegaspargase, Pemetrexed Disodium,
Platinol-AQ (Cisplatin), Platinol (Cisplatin), Raloxifene Hydrochloride, Revlimid
{Lenalidomide), Rituxan {Riruximab}, Rituximab, Sclerosol intrapieural Aerosol (Talc),
Sorafenib Tosyiate, Spryeel (Dasatinib), Sterile Tale Powder (Talcy, Stentaic (Tale),
Sunitinib Malate, Sutent (Sunitinib Malate), Synovir (Thalidomide), Tale, Tamoxifen
Citrate, Tarabine PFS (Cytarabine), Tarceva (Erlotinib Hydrochlonde), Targrenn
(Bexarotene’, Tasigna (Nilotimb), Taxol (Paclitaxel), Taxotere (Docetaxel), Temodar
Temozolomide). Temozolomide, Temsirolimus, Thalomid (Thalidomide), Thahdomde,
Totect {Dexrazoxane Hvdrochioride), Topotecan Hydrochloride, Torisel (Temsirohimus),
Trastazumab, Trisenox (Arsenic Trioxide), Tykerd (Lapatinib Ditosylate), Vectibix
{Panitumumab), Velcade (Bortezomib), Vidaza (Azacindine), Vorinostat Xeloda
(Capecitabine), Zinecard (Dexrazoxane H vdrochloride], Zoledronic Acid, Zolinza

{Vonnostat), and Zometa (Zoledronic Acid).

In a preferred embodiment the PGE2 binding protein pharmaceutical
compositions disclosed above are adminisiered to the subject by at least one mode
sefected from parenteral, subcutaneous, intramuscular, intravenous, intrarticular,
intrabronchial, intraabdominal, intracapsular, intracartilaginous, intracavitary, intracchal,
intracerebeliar, intracerebroventricular, mracolic, intracervical, mtragastric, mirzhepatc,

intramyocardial, intracsteal. intrapelvic, inrapericardiac, intraperitoneal, ntrapleural,
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intraprostatic, intrapulmonary, intrarcctal, intrarenal, intraretinal, intraspinal,
intrasynovial, intrathoracic, intrauterine, intravesical, bolus, vaginal, rectal, buceal,

sublingual, intranasal, and fransdermal,
Erief Description of the Drawings

The foregoing and other objects, features and advantages of the present invention,
as well as the invention itself, will be more fullv understood from the foliowing
description of preferred embodimems when read together with the accompanying

drawings. i which:

Figure 1 provides measurement of the binding of wo hybridoma denved mAbs

13F10.3C% and 1F7.1D5 t0 Biotin-PGE; in an ELISA described in Exampie [ 1A

Figure 2 provides measurement of the binding of two hybridoma derived mAbs

1906 AR 10 and 4F10.3R6 ¢ Biotin- PGE, in an ELISA described in Example 1.1 A,

. . . . . N . - -
Figure 3 provides measurement of the binding of PROfusion™ derived mAbs K1B, K7H,

K3A, L11 and L21 to Biotin- PGE; in an ELISA described in Example 1.1.A.

Figure 4 provides the binding of recombinant anti- PGE, mAbs 2B5-7.0, 2B5-8.0 and
2B3-0.0 to Biotin- PGEy in an ELISA described in Example 1.1.A. The bybnidoma

derived antibody 2B3 is the positive control in this assay.

Figure 5 provides anti- PGE; mAb 2B5-8.0 to neutralize PGE; induced Ca' influx in
EP4 transfected HEK 293 G )6 stable cell line measured by FLIPR as described in
Example 1.1.C 1. The hybridoma derived anubody 2B3 is the positive control in this

asgay.

Figure 6 provides humanized anti- PGE; mAb 2B5.5, 2B5.6, 2B5.7 and 2BS.8 0
neutralize PGE; induced Ca™ influx in EP4 transfected HEK293 Gal6 stable cell line

measured by FLIPR as described m Example 1.1.C 1.

Figure 7 provides humanized anti- PGE: mAb 2B5.1, 2B5.2, 2B5.3 and 2B5S 410
neutralize PGEs induced Ca' influx in EP4 mansfected HEK 293 Gul6 stable cell line

measured by FLIPR as described n Example 1.1.C L
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Figure & provides alienment of VH regions and VL regions of anti-PGE, antibodies

2B5.7, 2B5.8 and 2B3.9 as described in Example 3.

Figure 9 provides efficacy of anti-PGE; antibody, anti-murine TNF antibody and thewr
combination i a collagen-induced arthritis mode! measured by MAS (mean arthrig

score),
Detailed Description of the Invention

This mvention pertains to Prostaglandin E2 (PGE,) binding proteins, particularly
anti-PGE, antibodies, or antigen-binding fragments thereof, that bind PGE,. Vanous
aspects of the Invention refate to antibodies and antibody fragments, and pharmaceutical
compositions thereof, as well as nucleic acids, recombinant expression vectors and host
cells for making such antibodies and fragments, Methods of using the antibodies of the
invention to detect PGE,, 1o inhibit one or more PGE, activisies, either in vitro or i vivo;

and to regulate gene expression are also encompassed by the inventon.

Unijess otherwise defined herein, seientific and technical terms used in
connection with the present invention shall have the meanings that are commaonly
understeod by those of ordinary skill in the art. The meaning and scope of the terms
showld be clear, however, in the event of any latent embiguity, definitions provided
herein take precedent over any dictionary or exirinsic definition, Further, unless
otherwise required by context, singuiar terms shall include plurafities and plural terms
shall inchude the singular, In this application. fhe use of "or™ means "and/or" uniess
stated otherwise. Furthermore, the use of the term "including”, as well as other forms,
such as "includes™ and "included", 15 nof imiting.  Also, terms such as "element” or
"component” encompass both elements and components comprising one unit and
clements ané components that comprise more than one subunit uniess specifically siated

otherwise.

Generally, nomenclatures used in connection with, and techniques of, celi and
tissue culture, molecular biology, immunology, microbiology, genetics and protein and
nucicic acid chemistry and hvbridization described herein are those weli known and
commonly used in the art. The methods and techniques of the present invention are

venerally performed according to conventional methods well known in the art and as

a3
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described in various general and more specific references that are cited and discussed
throughout the present specification unless otherwise indicated. Enzymatic reactions and
purification techniques are performed according 1o manufacturer's specifications, as
commonly accomplished in the art or as described herein. The nomenclatures used in
connection with, and the laboratory procedures and techniques of, analvtical Chemistry,
synthetic organic chemistry, and medicinal and pharmaceutical chemisry described

erein are these well known and commonly used in the art. Standard techniques are used
for chemical syntheses, chemical apalyses, pharmaceutical preparation. formulation, and

defivery, and treatment of patients.

That the present invention may be more readily understood, select terms are

defined below,

The term "polypeptide™ as used herein, refers to any potymeric chain of amino
acids. The terms "peptide” and “protein” are used imterchangeably with the 1crm
polypeptide and also refer to 2 polymeric chain of amino acids. The term "polypepude”
encompasses native or artificial proteins, protein fragments and polypeptide analogs of a

rotein seauence. A polvnentide may be monomeric or polymeric.
Ypep 3

The term "isolated protein” or "isolated polypeptide™ is 2 protein or polypeptide
that by virtue of its origin or source of derivation is not associated with naturally
associated components that accompany it in 18 native state: 1§ substanually free of other
proteins from the same species; is expressed by a cell from 2 different species: or does not
occur in nature. Thus, & polvpeptide that is chemically synthesized or synthesized in &
celfuiar system different from the cell from which it naturally originates will be "isolated”
from its naturally associated components. A protein may also be rendered substantially
free of naturally assoctated components by isolation, using protein purification technigues

well known in the art.

The term “recovering” as used herein, refers to the process of rendenng a
chemical species such as a polyvpeptide substantially free of naturally associated

compenents by isolation, e.g.. using protein purification techniques well known i the art.

[V
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The terms “Prostaglandin E27 (abbreviated herein as PGEy), as used herein, refers
16 the prostaglandin having the following srructure or a variant thereof that retams some

or all PGE, activities:

“Biological activity” as used herein, refers to inherent biological properties of the
eytokine. Biological properties of PGE; include but are not limited 1o binding to 2 PGE,

receplor.

The terms "specific binding" or "specifically binding”, as used herein, in reference
1o the interaction of an antibody, a protein, or a peptide with a sccond chemical species,
mezn that the interaction is dependemnt upon the presence of a particular structure (¢.2., an
antigenic determinant or epitope) on the chemical species: for example, an aniibody
recognizes and binds to & specific protein structure rather thap te proteins generally. H an
amtibody is specific for epitope "A", the presence of & molecule containing epitope A (or
frec, uniabeled A}, in 2 reaction containing labeled "A" and the antibody, will reduce the

amount of labeled A bound to the antibody,

The term "antibody™, as used herein, broadiy refers w0 any immunoglobulin (g)
molecule comprised of four polypeptide chains, two heavy (H) chains and two ight (L)
chains, or anv functional fragment, muzant, variant, or derivation thereof, which retains
the essential epitope binding features of an Ig molecule. Such mutant, variant, or
derivative anitbody formats are known in the art. Nonlimiting embodiments of which are

discussed below.

In & fuli-fength antibody, cach heavy chain is comprised of  heavy chain variabie
region (abbreviated herein as HOVR or VH) and a heavy chain constant region. The
heavy chaip constant region is comprised of three domains, CHI. CH2 and CH3. Each
light chain is comprised of a light chain variable region (abbreviated heremn as LOVR or
VL and 2 light chain constant region. The lght chain constant region is cumprised of
one domain, CL. The VH and VL regions can be further subdivided into regions of

hypervariability. termed complementarity determining regions (CDR ). interspersed with

Lad
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regions that are more conserved, termed framework regions (FR). Each VH and VL 18
composed of three CDRs and four FRs, arranged from amino-terminus {0 carboxy-
terminus in the following order: FRI, CDRI, FR2, CDRZ, FR3, CDR3, FR4.
immunoglobulin molecules can be of any type (c.g., 1eG, IgE, 1gM, 1gD, tgA and IgV),

class (e.g., 1gG 1, TgG2, 1eG 3. 1gG4, TgAT and IgAZ) or subclass.

The term "antigen-binding portion” or “antigen binding fragment” of an antibody
(or simply "antibody portion™), as used herein, refers to one or more fragments of an
antibody that retain the ability to specifically bind to an antigen (e.g., PGE;). The
antigen-binding function of an antibody can be performed by fragments of a fuli-length
antibody. Such antibody embodiments may also have bispecific, dual specific, or multi-
specific formats, specifically binding to two or more different antigens. Examples of
binding fragments encompassed within the term "antigen-binding portion” of an antibody
include {1y 2 Fab fragment, 2 monovalent fragment consisting of the VL, VH, CL and
CH1 domains; {ii} a F(ab'yy fragment, 2 bivalent fragment comprising two Fab fragments
linked by & disulfide bridge at the hinge region; (i} a Fd fragment consisiing of the VH
and CH1 domains; {iv) a Fv fragment consisting of the VL and VH domains of a single
arm of an antibody, (v) a dAb fragment (Ward et al., (1989) Narure 341:544-546, Winter
et al., PCT pubiication WO 90/05144 A1), which comprises a single variable domain; and
(viyan isclated complementarity detenmeining region (CDR). Furthermore, although the
two domains of the Fv fragment, VL and VH. are coded for by separate genes, they can
be joined, using recombinant methods, by & synthetic linker that enables them to be made
as a single protein chain in which the VL and VH regions pair to form monovalent
molecules (known as single chain Fv (scFv); see e.g., Bird et al. (1988) Science 242423~
426 and Fuston et al. (1988 Proc. Narl Acad. Sci. US4 85:53874-5883). Such single
chain antibodies are also encompassed within the term "antigen-binding portion” of an
antibody. Other forms of single chain antibodies, such as diabodies are also
encompassed. Diabodies are brvalent, bispecific antibodies i which VH and V0L
domains are expressed on a single polypeptide chain, but using a linker that is too short to
atlow for pairing between the two domaing on the same chain. thereby foraing the
domains 10 pair with complementary domains of another chain and creating two antigen
binding sites (sec ¢.g., Holhiger, P, et al. (1993 Proc. Natl Acad. Sei. USA 9G:6444-

6448; Poljak, R.J., et al. (1994) Srrucnure 2:1121-1123). Such antibody binding portions



10

are known in the art (Kontermann and Dubel eds.. Antibody Engincering (2001

Springer-Verlag, New York, pp. 790 (ISBN 3-340-41354-5).

The term “antibody construct” as used herein refers 1o a polypeptide comprising
one or more antigen binding portions of the invention linked f0 a Iinker polypeptide or an
immunoglobulin constant domain. Linker polypeptides comprise two o more amino acid
residues joined by peptide bonds and are used 1o link one or more anfigen binding
portions. Such limker polypeptides are well known in the art {see e.g. Holliger, P, et al.
(19433 Proc. Natl Acad, Sci. US4 S0:6444-6448, Poljak, R.1, et al. (1994) Sruciure
2:1121-1123). An immunogiobulin constant dosmain refers to a heavy or light chain
constant domain. Human 1gG heavy chain and light chain constant domain amino acid

sequences are known in the art and are represented in Table 1.

Table 1: Sequence Of Human 1gG Heavy Chain Censtant Domain And Light Chain

Constant Domain

Protein Sequence
Identifier

SEQ I NO.:1

: HQDWL;\Q
| OPREPOVY
Papz A\TPW:SNW
Ly _:\KL“TVDI\:RWQQC NVESCEV

0HE [og=led

LELSPG

STRALGULVEDY

nE-1 t 8EQ ID NO.:2

KPKDTLMISRTP
YVDGVEVHN

{ HODWLNGHEYL

ROy

NEG

VRRPSVED ?E?S‘ULLLK’%GTAS\TVC‘ i
E OWIVDRALOSGNEQEEVTE
& “‘?’IL.T.:C"C_MJV‘Q?\'H”""Y;\C"'\I"'FQ\;M
SENRGED

rlAAPSVTL;?

SEQ ID NO.:3

oy SO T

Lambca | SEQ ID NO. 4
'''' onstant x ‘:‘Egl—t)ﬁ

a2
fr =]



[

0

]
wt

30

Stil} further, an antibody or antigen-binding porton thereof may be part of a larger
immunoadhesion molecule, formed by covalent or noncovalent association of the
antibody or antibody portion with one or more other proteins or peptides. Examples of
cuch immunosdhesion molecuies include use of the streptavidin core region to make a
tetrameric scFv molecule (Kiprivanov, S.M., et al. (1995} Human Antibodies and
Hybridomas 6:93-1015 and use of 2 cysicine residue, @ marker peptide and a Cterminal
polvhistidine tag 1o make bivalent and biotinylated scFv molecules (Kipriyanov, S.ML, et
al. (1994 Mol Immunol. 31:1047-1038). Antbody portions, such as Fab and Flab'ly
fragments, can be prepared from whole antibodies using conventional technigues, such as
papain or pepsin digestion, respectively, of whole antibodies. Moreover, antibodies,
antibody portions and immunoadhesion molecules can be obtained using standard

recombinant DNA techniques, as described herein

An "isolated antibody™, as used herein, is intended 1o refer fo an antibody that is
substantially free of other antibodies having different antigenic specificities (e.g., an
isolated antibody that specifically binds PGE; is substantially free of antibodies that
specifically bind antigens other than PGE:). An isolated antibody that specifically binds
PGE: may, however, have cross-reactivity 1o other antigens, such as Prostaglandin E]
(PGE;) molecules. Moreover, an isolated antibody may be substantally free of other

cellular material and/or chermicals,

The term "human antibody”, as used herein, i intended to include anibodies
having variable and constant regions derived from human germline immunogicbulin
sequences. The human antibodies of the invention may include amino acid residues not
encoded by humar germline immunoglobulin sequences (e.g., mutations introduced by
random or site-specific mutagenesis in vitro or by somatic mutation i vivo), for exampie
in the CDRs and in particular CDR3. However, the term "human antibody”, as used

erein, is not intended 1o inciude antibodies in which CDR sequences derived from the
sermline of another mammalian species, such as a mouse, have been grafted onte: human

framework sequences.

The term "recombinant human antibody"”, as used herein, is imended to include all
human antibodies that are prepared, expressed, created or solated by recombinant means,

such as antibodics expressed using a recombinant expression vector transfected mto &

s
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host celi (described further in Section 11 C, below, antibodies isolated from a
recombinant, combinatorial human antibody library (Hoogenboom H.R., (1997 TiE

Tech. 156270 Awzazy FL., and Highsmith W.E., (2002) Clin. Biochem. 35:425-445;
Gavilondo LV, and Larrick 1.W. (20021 BioTechrnigues 25:128-145; Hoogenboom I,
and Charnes P. (20005 Immunology Todoy 21:371-378 ), amibodics isolated from an
animal (e.g., a mouse) that is transgenic for human immunogiobulin genes {see e.g,
Tavior, L. D, et al. (1992) Nucl. Acids Res. 26287-62935: Kellermann S-A., and Green
L.L. (2002 Currens Opinion in Biorechnology 13:593-597: Little M. er al. (2000)
Immunology Today 21:364-370) or antibodies prepared, expressed, created or isolated by
any other means that involves splicing of human immunoglobulin gene sequences 0
other DNA sequences. Such recombinant human antibodies have vanable and constant
regions dertved from human germline immunoglobulin sequences. In ceriain
embodiments, however, such recombinant human antibodies are subjected to in vitro
mutagenesis {or, when an animal transgenic for humar Ig sequences 15 used, i vivo
somatic mutasenesis) and thus the amino acid sequences of the VH and VL regions of the
recombinant aniibodies are sequences that, while derived from and related t0 human
germiine VH and VL sequences, may not naturally exist within the human antibody
germline repertoire in vivo. One embodiment provides fullty human antibodies capable of
binding PGE, which can be generated using techniques well known in the art, such as, but
not limited to, using human g phage librarics such as those disclosed i Jermutus et al.,

PCT publication No. WO 2005/0076%9 A2,

The term “chimeric antibody™ refers 10 antibodies which comprise heavy and/or
light chain variable region sequences from one species and constant region sequences
from another species, such as antibodies having murine heavy and light chain vanable

regions linked to human constant regions.

The term “CDR-grafied antibody™ refers to antibodies which comprise heavy
and/or light chain variable region sequences from one species but in which the sequences
of one or more of the CDR regions of VH and/or VL are replaced with CDR sequences of
another species, such as antibodies having murine heavy and light chain variable regions
in which one or more of the murine CDRs (e.g., CDR3Y has been replaced with human

CDR sequences.

Ay
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The term “humanized antibody™ refers 1o antibodies which comprise heavy and

g amouse) but in

=
L=

light chain varizble region sequences from a non-human species (e.
which at least a portion of the VH and/or VL sequence has been altered 1o be more
“haman-Hke”, ie., more similar to human germiine variable sequences. One tyvpe of
humanized antibody is a CDR-grafted antibody, in which human CDR sequences are
introduced into non-human VH and VL sequences to replace the corresponding
sonbuman CDR sequences. In one embodiment, humpanized ano-PGE, antihodies and
antigen binding portions are provided. Such antibodies were generated by obtaining
murine anti- PGE- monoclonal antibodies using traditional hybridoma technology
foliowed by humanization using in vitro genetic engineering, such as those disclosed m

Kasajan et al PCT publication No. WO 2005/123126 A2

The terms "Kabat numbering”, "Kabat definitions”™ and "Kabat labeling” are used
interchengeably herein. These terms, which are recognized in the art, refer w 2 system of
numbering amine acid residues which are more variable (i.e., hypervariable} than other
amino acid residues in the heavy and light chain variable regions of an antibody, or an
antigen binding portion thereof (Kabat etal. (1971 Ann. NY Acad, Sci. 160:382-391 and,
Kabat, £.A., et al. (1991) Sequences of Proteins of Immunological Interest, Fifth Edition,
U.S. Department of Health and Human Services, NIH Publication No. 91-3242). For the

cavy chain variable region, the hypervariable region ranges from amino acid positions
11 to 35 for CDRI, amino acid positions 30 t¢ 65 for CDRZ, and amino acid positions 935
10 102 for CDR3A. For the light chain variable region. the hypervariable region ranges
from amino acid positions 24 to 34 for CDR1. amine acid positions 30 1o 56 for CDRZ,

and amine acid positions §9 10 97 for CDR3.

As used herein, the terms "acceptor™ and "acceptor antibody™ refer w the antibody
or nucleic acid sequence providing or encoding at least 80%, at least 85%, at least 90%, at
Teast 5%, at least 98% or 100% of the aminoe acid sequences of one or more of the
framework regions. n some embodiments, the term "accepror” refers fo the antibody
amino acid or nucleic acid sequence providing or encoding the constant region(s). In vet
another embodiment. the term “acceptor” refers to the antibody amino acid or nucleic acid
sequence providing or enceding one or more of the framework regions and the constant
region(s). In a specific embodiment, the term "acceptor” refers w & human antibody

amino acid or nucleic acid sequence that provides or encodes at least 80%, preferably, at

4i
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least 83%, at feast 90%, at least 05%, at least 98%%, or 100% of the amino acid sequences
of ane or more of the framework regions. In accordance with this embodiment, an
acceptor may contain at least I, at least 2, at least 3. at least 4, at least 5, or at least 10
amino acid residues that does (do) not occur at one or more specific positions of a hurnan
antibody. An acceptor framework region andfor acceptor constant region(s) may be. e.g.
derived or obtained from 2 genmiine antibody gene, a mature anubody gene, a funcnonal
antibody (¢.g., antibodies well-known in the art, antibodies in development, or antibodies

commercially available).

As used herein, the term "CDR" refers 1o the complementarity defermining region
within antibody variable sequences. There are three CDRs in each of the variable regions
of the heavy chain and the light chain, which are designated CDRY, CDR2 and CDR3, for
cach of the variable regions. The term “CDR sct™ as used herein refers to a group of three
{"DRs that occur in a single variable region capable of binding the antigen. The exact
boundaries of these CDRs have been defined differently according ro different systems.
The system described by Kabat (Kabat e1al., Sequences of Proteins of Immunological
Interest (National Institutes of Health, Bethesda, Md. (1987) and (1991)) not only
provides an unambiguous residue numbering system applicable to any variable region of
an antibodv, but also provides precise residue boundaries defining the three CDRs. These
CDRs may be referred 1o as Kabat CDRs. Chothia and coworkers (Chotina &lesk, 1
Mol Biol, 196:001-917 (19873 and Chothia et al., Nature 342:877-883 (1989} found that

ertain sub-portions within Kabat CDRs adopt nearly identical peptide backbone
conformations, despite having great diversity at the level of amino acid sequence. These
sub-portions were designated as L1, L2 and L3 or H1, H2 and H3 where the "L" and the
"H" designates the light chain and the heavy chains regions, respectively. These regions
may be referred to as Chothia CDRs, which have boundaries that overlap with Kabat
CDRs. Other boundaries defining CDRs overtapping with the Kabat CDRs have been
described by Padlan (FASEB 1. 9:133-139 (1995)) and MacCallum (J Mol Biol
262(5):732-45 (1996)), Still other CDR boundary definitions may not strictly follow one
of the above systems, but will nonetheless overlap with the Kabat CDRs. although they
may be shortened or lengthened in light of prediction or experimental findings that
particular residuss or groups of residues or even entire CDRs do not significantly impact
antigen binding. The methods used herein may utlize CDRs defined according to any of

these systems, although preferred embodiments use Kabat or Chothia defined CDRs.
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As used herein, the term "canonical” residue refers 10 a residue ima CDR or
framework that defines  particular canonical CDR structure as defined by Chothia et al,
1. Mol. Biol, 196:901-907 (19871, Chothia et al., J. Mol Biol. 227:796 (1992}, According
to Chothia et al., critical portions of the CDRs of many antibodies have ncarly identical
peptide backbone confirmations despite great diversity at the level of amino acid
sequence. Each canomical structure specifies primarily a set of peptide backbone tOrsIon

angles for a contiguous segment of amino acid residues forming a Joop.

As used herein, the terms "donor” end "donor antibody” refer o an antibody
providing one or more CDRs. In a preferred embodiment. the donor antibody is an
antibody from z species different from the amtibody from which the framework regions
are obtained or derived. In the context of & humanized antibody, the term "donor

antibody" refers to a non-human antibody providing onc or more CDRs.

As used herein, the term "framework™ or “framework sequence” refers to the
rermaining sequences of & variable region minus the CDRs. Because the exact definition
of 2 CDR sequence can be determined by different systems, the meaning of 2 framework
sequence is subject to correspandingly different interpretations. The six CDRs (CDR-L1,
CDR-L2, and CDR-L3 of Hight chain and CDR-HI, CDR-H2, and CDR-H3 of heavy
chain) also divide the framework regions on the light chain and the heavy chain g four
sub-regions (FR1, FRZ, FR3 and FR4) on each chain, in which CDR1 s positioned
between FR1 and FR2, CDR2 between FRZ and FR3, and CDR3 between FR3 and FR4.
Without specifving the particular sub-regions as FR1, FR2, FR3 or FR4, a framework
region, as referred by others, represents the combined FRs within the vanable region of a
single, nawrally occurring immunogiobulin chain. As used herein, a FR represents one of
the four sub- regions, and FRs represent two or more of the four sub-regions constituting

& frameworlk region. Sce Tables 5 and 6 for exemplary FR sequences.

"

As used herein, the term "germiine antibody gene” or " germiing antibody gene
fragment” refers to an immunoglobulin sequence encoded by non- lympboid cells that
have not undergone the maturation process that leads to genetic rearrangement and
mutation for expression of & particular immunogiobulin, (See, e.g., Shapiro etal.. Crit,
Rev. Immunol 22(37 183-200 (2002}, Marchalonis et al., Adv Exp Med Biol. 484:12-30
(2061)3. One of the advantages provided by various embodiments of the present invention

stems from the recognition that germline antibody genes are more likely than mature

A
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antibody genes to conserve essential amino acid sequence structures characteristic of
individuals in the species, hence less likely 10 be recognized as from a foreign source

when used therapeutically in that species.

As used herein, the term "key" residues refer to cortain residues within the vanable
region that have more impact on the binding specificity and/or affinity of an antibody, in
particular 2 humanized amtibody. A key residue inchudes, but is pot Himited 10, one or
more of the following: a residue that is adjacent to 2 CDR, a potential glycosylation site
{can be either N- or O-glycosylation site}, a rare residue, a residue capable of interacting
with an antigen, a residue capable of interacting with a CDR, & canonical residue, &
comtact residue between heavy chain variable region and light chain varable region, 4
rasidue within the Vernier zone, and & residue in the region that overlaps between the
Chothiz definition of a variable heavy chain CDR1 and the Kabat definition of the first

heavy ¢hain framework.

As used herein, the term "humanized antibody™ ts an anttbody or a varnan,
derivative, analog or fragment thercof which immunespecifically binds to 2n antigen of
interest and which comprises a framework (FR) region having substantially the amino
acid sequence of & human antibody and 2 complementary determining region (CDR)
having substantially the amino acid sequence of @ non-human antibody. As used herein,
the 1erm "substantially” in the context of a CDR refers 1o & CDR having an amino acid
sequence st least 80%, preferably at least 85%, at least 90%, at least 95%, at least 9 3% or
at least 99% identical to the amino acid sequence of & non-human antibody CDR. A
humanized antibody comprises substantiaily all of at least one, and typically two, varable
domains (e.g.. Fab, Fab', F(ab') 2, FabC, Fv) in which all or substantialiy all of the CDR
regions correspond to those of & non-human mmunoglobulin (i.e., donor anibody) and all
or substantially al} of the framework regions are those of  human immunoglobulin
consensus sequence. Preferably, a humanized antibody also comprises at least a portion
of an immunogjobuiin constant region (Fey, typically that of a human immuneglobulin. In
some embodiments, a humanized antibody contains both the light chain as well as at jeast
the variable domain of a heavy chain. The antibody also may include the CHI, hinge,
CH?2, CH3, and CH4 regions of the heavy chain. In some embodiments, a humanized
antibody only contains a humanized light chain. in some embodiments, a humanized

antibody onlv contains 2 humanized heavy chain. In specific embodiments, a humanized
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antibody only contains a humanized variable domain of 2 fight chain and/or humanized

heavy chain.

The humanized antibody can be selected from any class of immunoglebuling,
inciuding IgM, TG, TeD, IgA and 1gE. and any isowvpe, mcluding withowt limitation 1gG
1. 1eG2. 1eG3 and 1gG4. The humanized antibody may comprise sequences from more
than one class or sotvpe, and particular constant dormains may be selected to optimize

desired effector functions using technigues well-known in the art.

The framework and CDR regions of a humanized antibody need not correspond
precisely 1o the parental sequences, ¢.g., the donor antibody CDR or the consensus
framework may be mutagenized by substitution, insertion and/or deletion of at least one
amino acid residue so that the CDR or framework residue at that site does not correspond
1o either the donor antibody or the consensus framework. In a preferred embodiment,
such mutations, however, will not be extensive, Usually, at least 80%, preferably at least
§5%, more preferably at least 90%, and most preferably at least 95% of the humanized
antibody residues will correspond o those of the parental FR and CDR sequences. As
used herein, the term "consensus framework™ refers to the framework region in the
consensus immunoglobulin sequence. As used herein, the term "consensus
immunoglobulin sequence” refers 1o the sequence formed from the most frequently
occurring amino acids {or nucleotides) in a family of related immunoglobulin sequences
(See. e.o.. Winnaker, From Genes to Clones {Verlagsgeselischafi, Weinbeim, Germany
1087). In a family of immunoglobulins, cach position in the consensus sequence i$
occupied by the amino acid occurring most frequently at that position i the family. 1f
twe amino acids occur equally frequently, either can be included in the consensus

sequence.

As used herein, "Vernier” zone refers to a subset of framework residues that may
adjust CDR structure and fine-tune the fit 1o antigen as described by Foote and Winter
(19921 ], Mol. Biol. 224:487-400} Vernier zone residues form a layer underiyving the

CDRs and may impact on the structure of CDRs and the affinity of the antbody.

The term "multivalent binding protein” is used in this specification 1o denote &
binding protein comprising two or more antigen binding sites. The multivaient binding

protein is preferably engineered to have the three or more antigen binding sites, and i5
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oeneraily not a naturally occurring antibody. The term “multispecific bindmg protemn”
refers to 2 binding protein capable of binding two or more related or unrelated targess.
Dual varizble domain (DVD) binding proteins as used herein, arc binding proteins that
comprise Two of more antigen binding shes and are tetravalent or multivalent binding
proteins. Such DVD binding proteins may be monospecific, 1o, capebic of binding vne
antigen or multispecific, i.e., capable of binding two or more antigens. DVD binding
proteins comprising two heavy chain DVD polypeptides and two light chain DVD
polypeptides are refered 10 2 DVD—'Ig'I‘M. Each half of a DVD-Ig comprises a heavy cham
DVD polypeptide, and & light chain DVD polypeptide, and two antigen binding sites.
Each binding site comprises & heavy chain variable domain and a light chain variable

domain with a total of 6 CDRs involved m antigen binding per antigen binding site.

As used herein, the term “neutralizing” refers to neutralization of biological
activity of a cyiokine or & lipid metabolite when a binding protein specifically binds the
cyiokine or a lipid metabolite. Preferably a neutralizing binding protein is a neutralizing
antibody whose binding to PGE; results in inhibition of a biological activity of PGE:.
Preferably the neutralizing binding protein binds PGE, and reduces a biological activity
of PGE, by at feast about 10%, 20%, 40%, 60%, 80%, 85% or more. Inhibition of 2
biological activity of PGE» by & neutralizing binding protein can be assessed by
measuring one or more indicators of PGE; biclogical activity well known in the art. For
example inhibition of PGE, induced calcium mflux by EP4 assay using HER293 cells

over-gxpressing EP4 receptor (see Example 11.C 1)

The term "activity” includes activities such as the binding specificity/affinity of an
antibody for an antigen, for example, an anti- PGE; antibody that binds to an PGE;
antigen and/or the neutralizing potency of an antibody, for example, an anti- PGE;
antibody whose binding 10 PGE inhibits the biological activity of PGEg, c.g., for
example inhibition of PGE, induced calcium influx by EP4 assay using HEK292 cells

over-zxprossing EP4 receptor (sec Example 1.1.C 11

The term “epitope” includes any polypeptide determinant capable of specific
binding 10 an immunoglobulin or T-cell receptor. In certain embodiments, epiope
determinants include chemically active surface groupings of molecules such as amino

acids, sugar side chains, phosphorvl, or sulfonyl, and, in certain embodiments, may have
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specific three-dimensional structural characteristics, and/or specific charge
characieristics. An epitope is a region of an antigen that is bound by an antibody. In
certain embodiments, an antibody specifically binds an antigen when 1t preferentially

recognizes its target antigen in a complex mixture of proteins and/or mecromolecules.

The term "surface plasmon resonance”, as used herein, refers to an optical
phenomenon that allows for the analysis of real-time biospecific interactions by detection
of alterations in protein concentrations within a biosensor matrix, for example, using the
BlAcore system (Pharmacia Biosensor AB, Uppsala, Sweden and Piscataway, NJJ. For
further descriptions, see Jonsson, U, et al. {1993} dnn. Biol Clin. 31 :19-26:; Jonsson, U,
et al. {1991} Riotechnigues 11:620-627; Johnsson, B., etal. (19953.J. Mol Recognit.

¥:123-131; and Johnnson, B., et al. {1991} Anal Biochem. 198:268-277.

The term " Koy ", as used herein, is intended to refer to the on rate constant for
association of an antibody 10 an antigen to form an antibody/antigen complex as is known

n the art.,

The term " Kog ", a¢ used herein, is intended to refer to the off rate constant for

dissociation of an amibody from an antibody/antigen complex as is known in the art,

The term " Kp ", a5 used herein, i intended to refer 1o the disseciation constant of

# particular antibody-antigen inferaction as 18 known in the art.

The term “labeled binding protein”™ as used herein. refers to a protein with 2 label
incorporated that provides for the identification of the binding protein. Preferably. the
label is a detectable marker, e.g.. incorporation of a radiolabeled amino acid or
attachment 1o 2 polypeptide of biotiny] moieties that can be detected by marked avidin
{e.¢., streptavidin containing a fluorescent marker or enzymatic activity that can be
detected by optical or colorimetric methods). Examples of labels for polypeptides
include, but arce not limited to, the following: radioisotepes or radionuclides (e.g., H
”‘C= 'I'SS, R e VO PV m'i, TTu, " Ho, or "USmy; fluorescent labels (e.g.. FITC,
thodamine, lanthanide phosphorsy; enzymatic labels (e.g.. horseradish peroxidase,
luciferase, alkaline phosphatase): chemiluminescent markers: biotiny} groups;

predetermined polypeptide epitopes recognized by & secondary Teporter (e.g., leucine
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zipper pair scquences, binding sites for secondary antibodies, metal binding domams,

epitope tagsy; and magnetic agents, such as gadolintum chelates.

The term “antbodv conjugate” refers to a binding protein, such as an antibody,
chemically linked 1o 2 second chemical moiety. such as & therapeutic of CYLOLORIC agent.
The term "agent” is used herein 1o denote a chemical compound, & mixture of chemnical
compounds, a biclogical macromolecule, or an extract made from biclogical materals,
Preferably the therapeutic or cytotoxic agents include, but are not limited to, pertussis
toxin, taxol, cvtochalasin B, gramicidin I3, ethidium bromide, gmeting, mitomycin,
gtoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin,
dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin D, I-
dehydrotestosterons, glucocorticoids, procaine, tetracaine, hdocaine, propranolol, and

puromycin and analogs or hemologs thereof.

The terms “crystal”, and “crystallized” as used herein, refer 10 an antibody. or
antigen binding portion thereof, that exists in the form of a crystal. Crystals are one
form of the solid state of matter, which is distinct from other forms such as the
amorphous solid state or the liquid crystaliine state. Crystals are composed of regular,
repeating, three-dimensional arrays of atoms, ions, moiecules (e.g.. proteins such as
antibodies}, or molecular assemblies (e.g., amigen/antbody complexes). These three-
dimensional arrays are arranged according to specific mathematical relationships. The
fundamental unit. or building block, that is repeated in a crystal is called the asymmetric
unit. Repetition of the asymmetric unit in an arrangement that conforms to a grven,
well-gefined crystaliographic symmetry provides the "unit cell" of the crystal.
Repetition of the unit cell by regular transiations in all three dimensions provides the
crystal. See Giege, R and Ducruix, A, Barrett, Crystaliization of Nucleic Acids and
Proteins. 2 Practical Approach, 2nd ed.. pp. 20 1-16, Oxford University Press, Now

York, New York, (19995

Cime embodiment provides & composition for the release of a binding protein
wherein the composition comprises a formulation which in tarn comprises a crystallized
binding protein. crystallized antibody construct or crystallized entibody conjugatc as
disclosed above and an ingredient; and at least one polymeric carrier. Preferably the

polvmeric carrier is & polymer selected from one or more of the group consisting of:

4%



noly (acrylic acid), poly (cyanoacrylates). poly (amino acids), poly (anhydndes). poly
{depsipepride), poly {esters), poly (lactic acid), poly (lactic-co-giycolic acid) or PLGA.
poly (b-hydroxybutryate), poly {caprolactone), poly (dioxanone); poly (ethviene ghveol).

poly (Mhydroxypropyh) methacrvlamide, polv [{organojphosphazene]. poly {ortho

[

esters), pobv (vinyl alcohol), poly (vinylpyrrohidone), maleic anhydride- afkyl vinyl
ether copolymers, pluronic polyols, albumin, alginate, cellulose and cellulose
dersvatives, collagen, fibrin, gelatin, hyaluronic acid, oligosaccharides,
glvcaminoglveans, sulfated polyeaccharides, blends and copolymers thereof. Preferably
the ingredient is selected from the group consisting of albumin, sucrose, trehalose,

10 lactitol, gelatin, hvdroxypropyi-f- cyclodextrin, methoxypolyethylene giyeol and
polvethviene glvcol. Another embodiment provides a method for weating a mammal
comprising the siep of administering to the mammal an effective amount of the

composition disciosed above,

The term "polvnucieotide” as referred to herein means a polymeric form of two
'3 or more nucheotides, either ribonucieotides or deoxynueleotides or & modified form of
either type of nucieotide. The term includes single and double stranded forms of DNA

but preferably is double-stranded DNA,

The term "isolated polynucleotide” as used hersin shall mean & potynucleotde
{e.u.. of cenomic, cDNA, or synthetic origin, or some combination thereof) that, by virtuc
2w of s origin, the "isolated polynucleotide” is not agsoctated with all or & portion of a
nolvnucicotide with which the “isolated polynucleotide” is found in nature: 1s operably
Jinked to a polynucleotide that it is not linked to in nature, or does not occur in nature as

part of a larger sequence.

The term "vector", as used herein, is intended 10 refer to & nucteic acid molecule

T2
Ay

capable of ransporting another nucieic acid to which it has bees linked. One type of
veetor 1 2 "plasmid”, which refers o a circular double stranded DNA loop mte which
additional DNA segments may be ligated. Another type of vector 15 a viral vector,
wherein additional DNA segrnents may be ligated into the viral genome. Certain vectors
are capable of autonomous replication in a host cell into which they are mitroduced (e.g.,
30 bacterial vectors having a bacterial origin of replication and episomal mammalian

vectors). Other vectors (e.g., non-gpisomal mammalian vectors) can be integrated into
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the genome of a host cell upon introduction into the host cell. and thereby are replicated
along with the host genome. Moreover, certain vectors are capable of directing the
expression of genes to which they are operatively linked. Such vectors are referred 1o
herein as "recombinant expression vectors” (or simply, "expression vectors™). In general,
expression vectors of utility in recombinant DNA techniques are often in the form of
plasmids. In the present specification, "plasmid” and “vector" may be used
interchangeably as the plasmid is the most commonly used form of vector. However, the
invention is imtended 1o include such other forms of expression vectors, such as viral
vectors {e.¢., rephication defective retroviruses, adenoviruses and adeno-associated

viruses), which serve equivalent functions.

The term "operably linked” refers 10 a juxtaposition wherein the components
described are in 2 relationship permitting them 1o function in their intended manper. A
control sequence "operably linked" to a coding sequence i ligated in such & way that
expression of the coding sequence is achieved under conditions compatible with the
control sequences. "Operebly linked” sequences inchude both expression control
sequences that are contiguous with the gene of interest and SEPTESSION Control sequences
that act n frans or at a distance to control the gene of interest. The term "expression
control sequence” as used herein refers o polynucleotide sequences that are necessary 10
effect the expression and processing of coding sequences 1o which they are higated.
Expression control sequences include appropriate transeniption itiation, rermination,
nromoter and enhancer sequences; efficient RNA processing signals such as splicing and
polyadenylation signals; sequences that stabilize cytoplasmuc mRNA! sequences that
enhance translation efficiency (i.e.. Kozak consensus sequence); sequences that enbance
protein stability; and when desired, sequences that enhance protein secretion. 1he nature
of such control sequences differs depending upon the host organism: in prokaryotes, such
control sequences generally include promoter, ribosomal binding site, and Transcrpuion
termination sequence; in cukaryotes, generally. such control sequences include promoters
and transcription termination sequence. The term “control sequences” 1s intended to
include components whose presence is essential for expression and processing, and can
also include additional components whose presence is advantageous, for example, leader
sequences and fusion pariner sequences. Protein consiructs of the present invention may

be expressed, and purified using expression vectors and host cells known in the art,
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including expression cassettes, vectors, recombinant host cells, and methods for the
recombinant expression and proteclvtic processing of recombinant polyproteins and pre-

proteins from z single open reading frame (e.g, WO 200740141623

“Transformation”, as defined herein, refers to any process by which exogenous
DNA enters 2 host cell, Transformation may occur under natural or anificial conditions
using various methods well known in the art. Transformation may rely on any known
method for the insertion of foreign nucleic acid sequences into a prokaryonc or
sukaryotic host cell. The method is sefecied based on the host cell being transformed and
may include, but is not limited to, viral infection, electroporation, lipofection, and particle
bombardment. Such "ransformed” cells mclude sably transformed cells in which the
inserted DNA is capable of replication cither as an autonomously replicating plasmid or
as part of the host chromosome. They also include cells that transiently express the

inserted DNA or RNA for Himited periods of ume.

The term "recombinant host cell” (or simply "host cell™), as used herein, is
intended to tefer to & cell into which exogenous DINA has been introduced. 1t should be
understood that such terms are intended 10 refer not only 10 the particular subject cell, but,
to the progeny of such a cell. Because certain modifications may occur in succeeding
generations due 1o either mutation or environmental influences, such progeny may not, m
fact, be identical to the parent cell, but are still included within the scope of the term "host
cell” as used herein. Preferably host cells include prokaryotic cells, eukaryotic cells.
insect cells, or cells selected from any of the Kingdoms of life. Preferred eukaryoiic cells
include protist, fungal, plant and animal cells. Most preferably host celis include but are
not limited 10 the prokaryotic celt line E. coli; mammalian cell ines CHO, HEK 293 and

COS; the insect cell line 819 and the fungal c2ll S, cerevisiae.

Standurd rechnigues may be used for recombinant DNA, oligonuciectide
synthesis. and tissue cujture and transformation (c.g., electroporation, lipofection).
Enzvmatic reactions and purification techniques may be performed according 10
manufacturer's specifications or as commoniy accomplished in the art or as deseribed
herein. The foregoing techniques and procedures may be generally performed according
10 conventonal methods well known in the art and as described 1w various general and

more specific references that are cited and discussed throughout the present specification,



LA

20

30

See e.¢.. Sambrook et al. Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring

Harbor Laboratory Press, Cold Spring Harbor, NY. (1989);,

“Transgenic organism”, as known m the art and a8 used herein, refers o an
organism having cells that contain a transgene, wheremn the transgene intreduced mto the
organism (o7 an ancestor of the organism} expresses a polypeptide not naturaily cxpressed
in the organism. A “mansgene’ s @ DNA construct, which is stably and operably
integrated into the genome of a cell from which a transgenic organism develops, directing
the expression of an encoded gene product in one or more cell types or tissues of the

ITansgenic oreanism.

The term "reguiate"and “modulate” are used interchangeably, and. as used berein,
refers to a change or an alieration in the activity of a molecuie of interest (e.g., the
biological activity of PGE»}. Modulation may be an increase or a decrease in the
magnitude of 2 certain activity or function of the molecule of interest. Exemplary
activities and functions of a molecule include, but are not lmited 1o, inding

characteristics. enzymatic activity, cell receptor activation, and signal transduction.

Correspondingly, the term "modulator,” 2s used herem, 1% a compound capabie of
changing or aliering an activity or function of a molecule of interest (e.g, the biological
activity PGE,}. For example, 2 modulator may cause an increase or decrease in the
magnitude of a certain activity or function of 2 molecule compared 10 the magnitade of
the activity or function observed in the absence of fhe moduiator. In certain
embaodiments, @ modulator is an inhibitor, which decreases the magnitude of at least one
activity or function of a molecule. Exemplary inhibitors include, but are not imited 10,
proteins, peptides, antibodies, peptibodies, carbohydrates or small organic molecules.

Peptibodies are described, e.g.. in WOQ1/H3525,

The term "agonist”, as used herain, refers to a moduintor that, when contacted
with 2 molecule of interest, causes an increase in the magnitude of a certain activily or
function of the molecule compared 1o the magnitude of the activity or function observed
in the ahsence of the agonist. Particular agonists of interest may include. but are not
fimited 10, PGE- or potypeptides, nucleic acids, carbohydrates, or any other molecules

that bind to PGE..

[n
1.2
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The tem "antagonist” or "inhibitor”, as used herein, refer 1o 2 modulator that,
when contacted with & molecule of interest causes a decrease in the magnitude of 2
certain activity or function of the molecuie compared to the magnitude of the activity or
function observed in the absence of the antagonist, Pardcular antagonists of interest
include those that block or modulate the bioogical or immunclogical activity of PGE..
Antagonists and inhibitors of PGE; may include. but are not limited 1o, proteing, nucleic

acids, carbohydrates, or any other molecules, whick bind to PGE.

The term “inhibit binding to the recepior” refers 1o the abiiity of the binding
protein 1o prevent the binding of PGE, to one or more of its receptors. Such mhibition of
binding o the receptor would result in diminishing or abolishing the biological activity

mediated by binding of PGE, {o 1is recepior or receptors.

As used herein, the term "effective amount” refers to the emount of a therapy
which is suffictent to reduce or ameliorate the severity and/or duration of 4 disorder or
one or more svmptoms thereof, prevent the advancement of a disorder, cause regression of
a disorder, prevent the recurrence, development, onset or progression of one or more
svmptoms associated with 2 disorder, detect 2 disorder. or enhance or improve the
srophylactic or therapeutic effect!s) of another therapy (e.g., prophylactic or therapeutic

agent),

The term "sample”, as used herein, is used in its broadest sense. A “biological
sample”, as used herein, includes, but is not Himited to, any quantity of a substance from a
living thing or formerky living thing. Such living things include, but are not hmited 10,
humans, mice. rats. monkeys, dogs, rabbits and other animals, Such substances include,
but arc not Hmited to, bicod, serum, urine, synovial fruid, celis, organs, tdssues, bone

marrow, lvmph nodes, and spleen.

In a preferred embodiment the binding protein is a CDR grafied antibody or
antigen binding portion thereof capabie of binding PGE,. Preferably the CDR grafted
antibody or antigen binding portion thereof comprise one or more CDRs from 2B5-7.0, or
2B5-8.0 or 2B5-9.0 disclosed above. Preferably the CDR grafied antibody or antigen
binding portion thereof comprises a human accepror framework. More preferably the
human acceptor framework is any one of the human acceptor frameworks having > 60%

homalogy to mouse antdbody frameworks of 2B5-7.0, or 2B3-8.0 or 2B5-9.0.

7%
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In a preferred embodiment the binding protein is 2 humanized antibody or antigen
binding portion thereof capable of binding PGE,. Preferably the humanized antibody or
antigen binding portion thercof compriscs onc or more CDRs disclosed above
incomorated into a human antibody variable domain of a human acceptor framework.
Preferably the human antibody variable domain is 2 consensus human variable domain.
Maore preferabiy the human acceptor framework comprises at least one Framework
Regjon amino acid substitution at a key residue, wherein the key residue is selected from
the group consisting of a residue adjacent to a CDR: a glycosviation site residue: & rare
residae; a residue capable of interacting with PGE»; a residue capable of interacting with
a CDR: a canonical residue; a contact residue between heavy chain variable region and
light chain variable region: a residue within a Vernier zone: and & residue in 4 region that
overlaps betwsen & Chothia-defined variable heavy chain CDR! and 2 Kabat-defined first
heavy chain framework. Preferably the human aceeptor framework uman acceptor
framework comprises at least one Framework Region aming acid substitation, whereia
the amino acid sequence of the framework 1s at least 65% identical to the sequence of the
human acceptor framework and comprises at least 70 amino acid residues identical 10 the

human accentor framework.

I an embodiment, the humanized antibody, or antigen binding portion thereot,
comprises three or more CDRs disclosed above. Tn a cenain embodiment, the humanize

antibody. or antigen binding portion, thereof comprises six CDRs disclosed above,

One embodiment of the invention provides an antibody constuct comprising any
one of the binding proteins disclosed above and & linker polypeptide or an
immunogiobulin. In a preferred embodiment the antibody construct 16 sclected from the
sroup consisting of an immunoglobulin molecule, a monoclonal antibody., 2 chimeric
antibody, a CDR-grafted antibody. a humanized antibody, a Fab, & Fab®, a Flab")2. a Fv,
a disuifide linked Fv. a scFv. a single domain antibody, a diabody, a mulfispecific
antibody, a dual specific antibody, a DVD—IgT""i and 2 bispecific amiboedy. In & prefemed
embodiment the antibody construct comprises a heavy chain immunoglobulin constant
domain selected from the group consisting of & human IgM constant domain, & human
190G constant domain, a human 1gG2 constant domair, & human 1gG3 constant domain, 2
human 1gG4 constant domain, a human 1gE constant domain, and & human IgA constant

domain. In another embodiment the invention provides an antibody conjugate
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comprising an the antibody construct disclosed above and an agent an agent selected front
the group consisting of: an immunocadhension molecule, an imaging agent, a therapeutic
agent, and a cytotoxic agent. In a preferred embodiment the imaging agent selected from
the group consisting of a radiolabel, an enzyme, a fluorescent label, & luminescent label, a
bicluminescent label, a magnetic label, and biotin. More preferably the imaging agent is
a radiolabel selected from the group consisting oft H MC; Bg Wy e Mg, Ay
", "% Ho, and Sm. In a preferred embodiment the therapeutic or cytotoxic agent is
selected from the group consisting of an anti-metabolite, an alkylating agent, an
amiibiotic, a growth factor, a cytokine, an anti-angiogenic agent, an aRt-IMILOUC agent, an

anthracycline, toxin, and an apoptotic agent,

In another embodiment the antibody constract is glycosylated. Prefersbly the

glvcosylation is a human glycosylation patiern.

In another embodiment, the binding protein, antibody construct or antibody
conjugate disclosed above is a crystal, Preferably, the crystal is a carrier-free
pharmaceutical controlled release crystal. in a preferved embodiment the crystallized
binding protein, crystallized antibody construct or crystallized antibody conjugate has a
oreater half life in vivo than its soluble counterpart. In another prefesred embodiment the
erystaliized binding protein, crystallized antibody construct or crystaliized antibody

conjugate retains biological activity afier crystailization.

Ome aspect of the invention pertains o an isolated nucleic acud encoding any one
of the binding proteins, antibody constructs or antibody conjugates disclosed above. A
further embodiment provides a vector comprising the isolated nucieic acid disclosed
ahove wherein the vector is selected from the group consisting of pcDNAL pTT (Durocher
et al.. Nucleic Acids Research 2002, Vol 30, No.2%: pTT3 {(pTT with additonal multiple
cloning siie; pEFBOS (Mizushime, S. and Nagata, S, {1990) Nucleic acids Research Vol
18, No. 175 pBY; pIV: pAZ: and pBL

In another aspect a host cell is transformed with the vector disclosed above.
Preferably the host cell 1 2 prokaryotic cell. More preferably the host cell is Ecolt. In
another embodiment the host cell is 2 eukarvotic cell. Preferably the cukaryotic cell is
selected from the group consisting of protist cell, animal cell, plant cell and fungal cell.

More preferably the host cell is @ mammalian cell including, but pot limited to, CHO,
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HEK?203, and COS; or a fungal cell such as Saccharomyces cerevisiac; or an insect cell

such as S99,

Another aspect of the invention provides a method of producing e binding protein
that binds PGE,, comprising cuituring any one of the host cells disclosed above ina
culture medivm under conditions sufficient 1o produce & binding protein that binds PGEs.
Another ebodiment provides & binding protein produced according 1o the method

disclosed above.

The invention also provides a pharmaccutical composition comprising a binding
protein, antibody construct or amtibody conjugate as disciosed above and a
pharmaceutically acceptable carrier. In a further embodiment the pharmaceutical
composition comprises at least one additional therapeutic agent for treating a disorder in
which PGE- activity is detrimental, Preferably the additional agent is selected from the
group consisting of a therapeutic agent, 4n imaging agent, & CyIOtOXic agent, an
angiogenesis inhibitor {including but not limited to anti-VEGF antibodies or VEGF-trap);
a kinase inhibitor {inciuding but not limited to KDR and TIE-2 mhibitors): a co-
stimulation molecule blocker (including but not limited to anti-B7.1. anti-B7.2, CTLA4-
Ig, anti-CD20}; an adhesion molecule blocker (inciuding but not Iimited to anti-LEFA-1
Abs. anti-E/L sclectin Abs, small molecule inhibitors); an anti-cyiokine antibody or
functional fragment thereof (including but not limited to anti-JL-18, anti-TNF, anti-1L-
dicytokine receptor antibody): methotrexate; cyclosporin: rapamycin; FK506. &
detecuable label or reporter: a TNF antagonist; an antirhcumatic; a muscle relaxant, a
narcotic, 2 nor-steroid anti-inflammatory drag (NSAID), an analgesic, an anesthetic, a
sedative, a local anesthetic, a neuromuscuiar blocker, an antimicrobial, an antipsoriaftic, a
corticosteriod, an anabolic steroid, an ervthropoietin, an ingmunization, an
immunoglobulin, an immunosuppressive. a growth hormone, 2 hormone reptacement
drug, a radiopharmaceutical, an antidepressant. an antipsychotic, & sumulant, an asthma
medication, & beta agonist, an inhaled steroid, an epinephrine or analog. & cytoking. and a

CVIOKITIC antagonist,

In another aspect, the invention provides & method for inhibiting PGE, activity
comprising contacting PGE, with a binding protein disclosed above such that PGE;

activity is inhibited. In a related aspect the invention provides & method for inhibiting
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PGE; activity in & human subject suffering from a disorder in which PGE; activity s
detrimental. comprising administering to the hurnan subject a binding protwein disclosed

above such that PGE, activity in the human subject is inhibited and treztment is achieved.

In another aspect, the invention provides 2 method of treating (e.g., curing,
suppressing, ameliorating, delaving or prevenuing the onset of, or preventing recurrence
or relapse of) or preventing a PGE--associated disorder, in a subject. The method
inctudes: administering 1o the subject & PGE; binding agent (particularly an antagonist),
e.0., an anti- PGE; antibody or fragment thereof as described herein, in an amount
sufficient to treat or prevent the PGEy-associated disorder. The PGE; antagonist, e.g., the

anti- PGE» antibody or fragment thereof, can be administered to the subject, ajone or n

combination with other therapeutic modalities as described herein.

I one embodiment, the invention providing methods and compositions for
treating (e.o.. reducing, ameliorating} of preventing one Of MOTE SYMPLOMS in &
mammalian subject, ¢.g., & human suffering from one or mere PGEz-associated disorders,
including, e.g., autoimmune and inflammarory diseases and tumors In which excessive
PGE; synthesis has been implicated. Such disorders include: (a} theumaioid and allergic
arthrifis: (b} cortain illnesses induced by viruses, such as Guillain Barre syndrome,
infections mononucleosis, other viral tymphadenopathies and infections with herpes
virus; (¢ multiple scierosis and other demyelinating diseases: (d} hemazological
disorders, such as hemolvtic anemias and thrombocytopenias; (¢ endocrinologic
disorders. such as diabetes mellitus, Addison's discase, idiopathic hypoparathyroidism
and chronic lvmphocyiic thyroiditis; (f coliagen disorders, such as systemic lupus
ervihematosus; and (g} disorders of reproduction such as amenorrhoes, mfertility,
recurrent abortions and eclampsiz; and (b} tumors such as headneck tumor, lung cancer,
gastric cancer, prostate cancer, pancreatic cancer ¢ic., and (i) gastromfestinal organ
disorders (e.g., inflammaiory bowe! diseases (IBD), such as nlcerative colitis and/or
Crohn's disease’; and ¢} pain disorders such as pain related with osteoarthritis and other
disorders: and (i) acuiar disorders such as age-related mascular degeneration (AMD ).
Accordingly, the disclosure includes the use of 2 PGE, binding agent (such as an anti-
PGE, antibody or fragment thereof) for a treatment and the use of a PGE; binding agent
(such as an anti- PGE, antibody or fragment thereof) for preparing a medicament for a

reatment.
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The method comprises administering 0 the subject a PGE, antagomist, e.g. a
PGE- amibody or a fragment thereof, in an amount sufficient to treat (e.g.. reduce,
ameliorate) or prevent one or more symproms. The PGE; antibody can be adwmunistered
therapeutically or prophvlactically, or both. The PGE; amagonist, e.g., the anti- PGE,
antibody, or fragment thereof, can be administered 1o the subject, alone or in combination
with other therapeutic modalities as described herein, Preferably, the subjectis a

mammal, .., 2 human suffering from a PGE;- associated disorder as described herein.

In another aspect, this application provides & method for derecting the presence of
PGEs in a sample in vitro (e.g., a biojogical sample, such as serum, plasma, TS Sue,
biopsy). The subject method can be used to diagnose a disorder, e.g., an immune celi-
associated disorder. The method includes: (1) contacting the sampie or a conirol sample
with the anti- PGE, antibody or fragment thereof ag described herein; and (ii) detecting
formation of a complex between the anti- PGE, antibody or fragment thereof, and the
sample or the control sample, wherein a statstcally significant change in the formation
of the complex in the sample relative to the control sample 1s mdicative of the presence of

the PGE; in the sample.

In another aspect the invention provides a method of treating a patient suffering
from 2 disorder in which PGE; is detrimental comprising the step of administering any
one of the binding proteins disciosed above before, concurrent, or afier the administration
of & second agent, as discussed above. In a preferred embodiment the additional
therapeutic agent that can be coadminisicred and/or coformulated with one or more PGE;
antagonists, (e.g.. anti- PGE, antibodies or fragments thereof) mclude. but are not imited
t. one or more of MTX. oral steroids: metalloproteinase inhibitors, sulfasalazine,
azathioprine, 6-mercaptopurines, apgiotensin converting enzyme inhibitors, soluble
cvtokine receptors, seluble p35 TNF receptor, soluble p75 TNF receptor, sIL-1RI, s1l-

1R TL-6R, antiinflammatory cytokines, 1L-4, [L-10, IL-11, and TGF .

In a preferred embodiment the pharmaceutical compositions disclosed above are
administered to the subject by at least one mode seiected from parenteral, subcutaneous,
imramuscular, mtravenous, imtrarncutar, intrabronchial, intrasbdominal, intracapsular,
intracartilaginous, intracavitary. intracelial, intracerebellar. intracerebroventricular,

imtracolic, intracervical, intragastic, intrahepatic, intramyocardial, intraosteal, mtrapeivic,
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intrapericardiac, intraperitoneal, intrapleural, intraprostatic, intrapulmonary, intrarectal,
intrarenal, intraretinal, intraspinal, intrasvnovial, intrathoracic, intrauterine, intravesical,

bolus, vaginal, rectal, bucesl, sublingual, intranasal, and ransdermal.

One aspect of the invention provides at least one PGE; anti-idiotype antibody 10 at
least one PGE binding protein of the present invention. The anti-idiotype antibody
includes any protein or peptide containing molecule that comprises at least a portion of an
immunoglobulin molecule suck as, but not limited to, at least one compiementarily
determining region {CDR) of & heavy or light chain or 2 ligand binding portion thereof, a
heavy chain or light chain variable region, a heavy chain or hight chain consant region, &
framework region. or; any portion thereof, that can be incorporated nte a binding protein

of the present invention,
1. Antibedies that Bind Prostaglandin E2

In invention provides murine monoclonal antibodies, or antgen-binding portions
thersof, that bind to PGE, with high affinity, 2 slow off rate and high neutralizing
capacity. The invention also provides chimeric amtibodies that bind PGE;. The invention
also provides humanized antibodies, or antigen-binding portions thereof, that bind PGE,.
Preferably, the antibodies, or portions thereof, are isolated antibodies. Preferably, the
antibodies of the invention are neutralizing human anti-PGE, and/or human ant-PGE,

antibodies,
A. Method Of Making Anti Prestaglandin E; Antibodies

The antibodies and antibody fragments of the invention may be generated by any
art-kmown method, such as, for example, hybridoma, microbe (e.g., phage. bacteria,
yeast}, recombinant, ribosorme. mRNA, and DNA displays, or & combination thereof.
Many methods can be used to manipulate antibodies 1o medify antibody properiies
including humanization, affinity maturation, antibody sotype swiiching, physiochemical

property and pharmacokinetic profile improvement, etc., which are well known in the art.
1. Anti-Prostaglandin F; Moneclonal Antibodies Using Hybridema Technology
Monocional antithodies can be prepared vsing 2 wide vanery of fechnigues known

in the art including the wse of hybridoma. recombinant. phage. and veast display
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technologies, or a combination thereof. Monoclonal antibodies can be produced, for
example, using hybridoma techniques including those known in the art and taught, for
example, in Harlow et al., Antibodies: A Laboratory Manual, (Cold Spring Harbar
Laboratory Press. 2nd ed. 1988y, Hammerling, ot al., in: Monoclonal Antibodies and T-
Cell Hyhridomas 563-681 {Elsevier, N.Y., 1581} The term "monoclonal antibody® as
used herein is not Hmited to antibodies produced through hybridoma technology. The
term "monoclonal antibody"” refers to an antibody that is dertved from a simgle clone,
including any eukaryotic, prokarvotic, or phage clone, and not the method by which it is

produced.

Methods for producing and screening for specific antibodies using hvbridoma
technology arc routine and well known in the art. In onc embodiment, the present
inventicn provides methods of generating monoclonal antibodies as well as antbodies
produced by the method comprising culturing a hybridoma cell secreting an antibody of
the invention wherein, preferably, the hybridema is generated by fusing splenocytes
isolated from 2 mouse immunized with an antigen of the inventon with myejoma celis
and then screening the hybridomas resulting from the fusion for hybridoma clones that
secrete an antibody able to bind 2 polvpeptide of the invention (Sec Example .21
Briafly, mice can be immunized with a carrier protein conjugated PGE; known as
hapten-carrier protein conjugates. Here, the hapten is PGE: and carrier protein can be
any of bovine thyroglobuling, keyhole hmpet hemocyanin, bovine serum albumin,
ovalbumin etc. In & preferred embodiment, the PGE,-thyroglobulin conjugate 1
administered with an adjuvant to stimulate the immune response. Such adjuvants
include compiete or incomplete Freund's adiuvant, RIBI (muramyl dipeptides) or
ISCOM (immunosiimulating complexes). Such adjuvants may protect the polypeptide
from rapid dispersal by sequestering it in & ocal deposit, or they may contamn substances
that stimulate the host to seerete factors that are chemotactic for macrophages and other
components of the immune system. Preferably, if a polypeptide is being administered,
the immunization schedule will involve two o more administrations of the polypeptide,

spread out over several weeks.

After immunization of an animat with a2 PGE.-thvroglobulin conjugate, antubodies
andior antibedy-producing cells may be obtained from the animal. An anti- PGE,

antibody-containing serum 1s obtained from the animal by bleeding or sacnficing the
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animal, The scrum may be used as i is obtained from the animal, an immunoglobulin
fraction may be obtained from the serum, or the anti-PGE; antibodies may be purified
from the serum. Serum or immunoglobuling obtained in this manner are polyclonal, thus

having a heterogeneous array of properties.

Once an immune response is detected, e.g., amibodies specific for the anugen
PGE, are detected in the mouse serum, the mouse spleen is harvested and splenocytes
isclated. The splenocytes arc then fused by well-known techniques to any suitable
myeloma cells, for example cells from cell Hine SP20 available from the ATCC.
Hybridomas are selected and cloned by limited dilution. The hybridoma clones are then
assaved by methods known in the art for cells that scerete antibodies capable of binding
PGEs. Ascites fluid, which generally contains high levels of antibodies, can be generated

by immunizing mice with positive hybridoma clones.

In another embodiment, antibody-producing immortalized hybridomas may be
prepared from the immunized animal. After immunization, the animal is sacrificed and
the splenic B cells are fused to immortalized myeioma cells as is well known m the art.
See, e.c., Harlow and Lane, supra. In a preferred embodiment, the myeloma cells do not
sccrete immunoglobulin polypeptides (& non-secretory cell line). After fusion and
antibiotic selection, the hybridomas are screened using PGEs, or a portion thereof, or a
cell oxpressing PGE,. In a preferred embodiment, the initial screening is performed using
an enzyme-linked immunoassay (ELISA) or & radioimmunoassay (R1IA), preferably an

ELISA. An example of ELISA screening is provided in WO 00/37504.

Anti- PGE; antibody-producing hybridomas are selected, cloned and further
screened for desirable characteristics, including robust hybridoma growth, high antibody
production and desirable aniibody characteristics, as discossed further below.
Hybridomas may be cultured and expanded in vive in syngeneic animals. in animals that
lack an immune sysiem, e.g.. nude mice, or in cell culture in virro, Methods of selecting,

cloning and expanding hybridomas are well known 1o those of ordimary skill in the art.

In & preferred embodiment, the hybridomas are mouse hybridomas. as described
ahove. In another preferred embodiment, the hybridomas are produced in & non-human,

non-mouse species such as rats, sheep, pigs, goats, cattle or horses. In another
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embodiment, the hvbridomas are human hybridomas, in which a human non-secretory

myeloma is fused with & human cell expressing an anti- PGE, antibody.

Amtibody fragments that recognize specific epitopes may be pzngrated by knowrn
technigues. For example, Fab and F(ab")2 fragments of the invention may be produced by
proteolvtic cleavage of immunoglobutin molecuies, using enzymes such as papain (to
produce Fab fragments ) or pepsin (to produce Flab'y2 fragments). F(ab")2 fragments
conzain the variable region, the light chain constant region and the CH1 domain of the

heavy cham.
2. Anti-Prostaglandin E; monoclonal antibedies using SLAM

in another aspect of the invention, recombinant antibodies arc gencrated from
single, isolated lymphocytes using a procedure referred 10 in the art as the selected
ivmphocyte antibody method (SLAM}, as described i U.S, Patent No. 5,627,052, PCT
Publication WO $2/02551 and Babeock, J.S. et al. (1996} Proc. Nail Acad Sci. US4
G3:7843-784%. In this method, single cells secreting antibodies of imterest, e.g.,
fymphocytes derived from any one of the immunized animals described in Sectien 1, arg
screened using an antigen-specific hemolytic plaque assay. wherein the antigen PGEg, &
subunit of PGE,, or a fragment thereof, is coupled to sheep red blood cells using a tinker.
such as biotin, and used 1o identify single cells that secrete antibodies with specificity for
PGy, Following identification of antibody-secreting cells of interest, heavy- and light-
chain variable region cDNAs are rescued from the cells by reverse transcriptase-PCR and
these variable regions can then be expressed, in the context of appropriate
immunogiobulin constant regions (e.g., human constant regions), in mammalian host
cells. such as COS, HEK293, or CHO celis. The host celis transfectad with the amplified
immunoglobulin sequences, derived from in vivo selected tymphocytes, can then undergo
further analysis and selection in virro, for exampie by panning the transfecied cells w
isolate celis expressing antibodies 0 PGE,. The amplified immunoelobulin sequences
farther can be manipulated in virro, such as by in virro affinity matgration methods such

as those deseribed in PCT Publication WO 67/29131 and PCT Publication WO 00/56772.

3. Anti-Prostaglandin E; Monocional Antibodies Using Transgenic Animals
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In apother embodirment of the instant invention, antibodics are produced by
immunizing & non-human animal comprising some, or ail, of the human
immunoglobulin locus with a PGEs-carrier protein conjugate. In a preferred
embodiment, the non-human animal i a XENOMOUSE transgenic mouse, an
engineered mouse strain that comprises large fragments of the human mmmunogiobulim
loci and is deficient in mouse antibody production. See. e.g., Green et al. Nare
Genmetics 7:13-21 (1994) and United States Patents 5,916,771, 5,939,598, 5,985,615,
5,068,200, 6,075,181, 6,091,001, 6,114,598 and 6.130.364. See also WO 61710741,
published July 25,1991, WO 44/02602, published February 3, 1994, WO 96/34096 and
WO 96/31733, both published October 31, 1996, WO 98/16654, published April 23,
1998, WO 98/24863, published June 11, 1998, WO 98/50433, published November 12,
1098, WO 99/4503 1, published September 10, 1999, WO 99/53049, published October
21,1699, WO 00 09560, published February 24, 2000 and WO 00/037504, published
June 29, 2000. The XENOMOUSE mensgenic mouse produces an adult-like human
repertoire of fully human antibodies, and generates antigen-specific human Mabs. The
XENOMOUSE transgenic mouse containg approximately 80% of the human antibody
repertoire through introduction of megabuse sized, germline configuration YAC
fragments of the human heavy chain loci and x light chain loci. See Mendez et al,
Kature Genetics 15:146-156 (19971, Green and Jakobovits J. Exp. Med, 188:483-495
(1998},

4. Anti-Prostaglandin E; Monoclonal Antibodies Uising Recombinant Antibody

Libraries

Ir vitro methods aiso can be used to make the antibodices of the invention, wherein
an antibody ibrary is screened to identify an amtibody having the desired binding
specificity. Methods for such screening of recombinant antibody libranes are well known
in the art and include methods described in, for exampie, Ladner er ol U.S. Patent No.
5,223 .409: Kang e7 ¢l PCT Publication No. WO 92/18619: Dower er al. PCT Publication
No. WO 01717271 Winter 7 of. PCT Publicaton No. WO 92/20791; Markland er al.
PCT Publication No. WO 92/15679; Breitling er /. PCT Publication No. WO 93/0128%;
McCafferty er al. PCT Publication No. WO 92/01047; Garrard ef o/, PCT Pubhication No.
WO 92/09690; Fachs er al. (1991} Bio/Technology 9:1370-1372; Hay er al (1992 Hum

Antibod Hvbridomas 3:81-85; Huse er al. (1989 Science 246:1275-1281; McCafferty o7
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al.. Namre (19907 348:552-554; Griffiths et of. (1993 EMBO J 12:725-734; Hawkins er

al 1199237 Mol Biol 226:889-896: Clackson er al. {1991 Narure 352:624-62¥; Gram er
gl (1992} PNAS 84:3576-3580; Garmad ef ol (19913 Bio/Technology 9:1373-1377,

Hoogenboom er ol (1691) Nuc 4cid Res [9:4133-4137; and Barbas er al. {1991 PNAS
KE:79T7E-7982, US patent application publication 20030186374, and PCT Publication Na.
WO GT/20131,

The recombinant antibody library may be from a subject immunized with PGEx-
carrier protein conjugate. Alternatively, the recombinant antibody ibrary may be from 2
naive subject, i.e.. one whe has not been immunized with PGE;-carrier protein conjugate,
such as a human antibody library from & human subject who has not been immunized
with PGE,-carrier protein conjugate. Antibodics of the invention arc seiccted by
screening the recombinant antibedy Hbrary with an agent comprising PGE, 1o thereby
select those antibodies that recognize PGE,. Methods for conducting such screening and
selection are well known in the art, such as described in the references in the preceding
paragraph. To select antibodies of the invention having particular binding affinities for
PGE,, such as those that dissociate from PGE; with a particular kyy rate constant, the art-
kmown method of surface plasmon resonance can be used 1o select aptibodies having the
desired ko rate constant. To select antibodies of the invention having  particular
neutralizing activity for PGEs, such as those with a particuler an 1Cs, standard methods

known in the art for assessing the inhibition of PGE: activity may be used.

For example, the antibodics of the present invention can also be gencrated using
various phage display methads known in the art. In phege display methods, funcuonal
antibody domains are displayed on the surface of phage particies that camy the
polynucieotide sequences encoding them. In a particular, such phage can be utilized 10
display antigen-binding domains expressed from a repertoire or combinatorial antibody
iibrary (e.g., human or muring), Phage expressing an antigen binding dormain that binds
the antigen of interest can be selected or identfied with antigen. e.g., using labeied
aptigen or antigen bound or captured w & solid surface or bead. Phage used in these
methods are typically filamentous phage inciuding fd and M13 binding domains
expressed from phage with Fab, Fv or disulfide stabilized Fv antibody domains
recombinantiv fused 1o either the phage gene I or gene VIII protein. Examples of phage

display methods that can be used to make the antibodies of the present invention include
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those disclosed in Brinkman ot sl ] Immunol Methods 182:41-3G {1995); Ames ct al., L.
Immunol. Methods 184:177-186 (19957, Kettleborough et al., Eur. J. Immunol. 24;952-
058 (1664); Persic et ak, Gene 187 9-18 (1997 Burton ot al, Advances in Immunology
37:191-280 (19947; PCT application No, PCT/GBY1/1134: PCT publications W
GO/GRE0Y: WO O1/10737:; WO 92/01047; W 02/1861% WO 937112360 WO 85/15982:
WO U5/20407; and ULS. Pat. Nos, 5.698.426: 5223 406, 5 403 484; 5580717,

5.427.908; 5,750,753; 5,821.047; 3,871,698; 5427.908; 5,516,637, 5,780, 225;

5,658,727 5,733,743 and 5,965,108,

As described in the above references, after phage selection, the antibody coding
regions from the phage can be isolated and used to generate whole antibodies including
human antibodics or any other desired antigen binding fragment, and expressed in any
desired host, including mammalian cells, insect cells, plant cells, yeast, and bacteria, e.g.,
as described in detail below. For example, techniques to recombinantly produce Fab,
Fab' and Flab"2 fragments can alse be emploved using methods known in the art such s
those disclosed in PCT publication WO 92/22324; Mullmax et al., BioTechniques
12061 864-869 (19927 and Sawai et al,, ATRT 34:26-34 (1995}, and Better et al, Science
240:1041-1043 (1988). Examples of technigues that can be used 1o produce simgle-chain
Fvs and antibodies include those desertbed in U1.S. Pat. 4,546,778 and 3,258, 49%; Husion
et al., Methods i Enzymology 203:46-88 (19917 Shu eral., PNAS 90:7695-7909 (1993 )
and Skerra ¢t al., Science 240:1038-1040 (1988,

Alernative to screening of recombinant antibody libraries by phage display, other
methodotogies known in the art for screening large combinatorial libraries can be applied
to the identification of dual specificity antibodics of the invention, One type of
alternative expression system is one in which the recombinant antibody library 18
expressed as RNA-protein fusions, as deseribed in PCT Publication No. WO 98/31700 by
Szostak and Roberts, and in Roberts, RW, and Szostak, I W. (1997 Proc. Nail. Acad,
Sei USA 94:12207-12302. In this system, a covalent fusion is created between an mRINA
and the peptide or protein that it encodes by in viro ranslation of synthetic mRNAs that
carry puromycin, 2 peptidy] acceptor antibiotic, at their 3" end. Thus, a specific mRNA
can be enriched from 2 complex mixture of mRNAs {¢.g., a combinatorial library) based
on the propenies of the encoded peptide or protein, e.g., antibody. or portien thereof, such

as binding of the antibody, or portion thereof. 1o the dual specificity antigen, Nucleie
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acid sequences cncoding antibodics, or portions thereof, recovered from screening of such
libraries can be expressed by recombinant means as described above (e.g., in mammahan
host cells) and, moreover, can be subjected 1o further affinity maturation by cither
additional rounds of sereening of mENA-peptide fusions in which mutations have bee
introduced mto the originatly selected sequence(s), or by other methods for affinity

maturation m virro of recombinant antibodies, as described above,

In another approach the antibodies of the present invention can aiso be generated
using yeast display methods known inthe art. In veast display methods, genetic methods
are used w tether antibody domains 1o the veast cell wall and display them on the surface
of veast. In particular, such veast can be wiilized to display antigen-binding domains
expressed from a repertoire or combinatorial antibody library (e.g., human or murine).
Examples of veast displav methods that can be used to make the antibodies of the present

invention mclude those disclosed in Wittrap, et al. U.S. Patent No, 6,699 638,
5. Anti-Prostaglandin E; monoclenal antibodies using PROfusion mRNA display

PROfusion™ technology is one of the mRNA display technologies decribed
above. PROfusion ™ technology can be used to display human antibody fragments (VH
ar VL or scFv) coupled to their encoding DNA sequences for selecung against various
antigens. Examples of mRNA display methods that can be used to make the antibodies of
the present invention include those disclosed in Szoswuk, et al. U.S, Paient No. 6.207,446:
£.214.55% and Gold, ef al, U.S. Pateat No. 6,194,550 and i in Roberts, KW, and
Srostak, IW. {1997 Proc. Nail. Acad. Sci. US4 94:12297-12362. In this svstem, a
covalent fusion is created between an mRNA and the peptide or protein that it encodes by
in vitro translation of synthetic mRNAs that carry puromyein, a peptidyl acceptor
antibiotic, at their 3" end. Thus, & specific mRNA can be enriched from a complex
mixture of mRNAS {e.g.. a combinatorial library) based on the properties of the encode
neptide ot protein, e.g., antibody, or portion thereof. such as binding of the antbody, or
portion thereof, to the dual specificity antigen. Nucleic acid seguences encoding
antibodies, or portions thereof, recovered from screening of such libraries can be
expressed by recombinant means as described above (e.g. n mammalian host cells and,
moreover, can be subjected to further affinity maturation by either additional rounds of

screcning of mRNA-peptide fusions in which mutations have been introduced into the
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originally selected sequence(s), or by other methods for affinity maturation iz vitro of

recombinant antibodies, as described above,
6. Affinity maturation of anti-prostagiandin E; menoclonal antibedies

In vitro methods also can be used for the affinity maturation of the antibodies of
the invenzion, wherein 2 mutagenesis amibody library is generated by introducing pomt
mutationis) in CDRs and/or frameworks of one initial antibody using error-prone PCR, or
synthetic combinatorial oligo nucieotides, or oligo nucleotides directed mutagenesis. The
mutagenesis Hbrary then can be screened to identify an antibody having the improved
binding specificity. Methods for such sereening of recombinant antibedy libraries are
well known in the art and include methods described in, for example, Ladner ef ol U.S,
Patent No. 5,223,409; Kang er ol PCT Publication No. WO 92/18619: Dower er al. PCT
Publication No, WO 01/17271, Winter er al. PCT Publication No, W 92207591
Markland e /. PCT Publication No. WO 92/15679; Breitling er al. PCT Publication No.
WO 93/01288; McCafferty ef al PCT Publication No. WO 92/01047; Garrard e ol PCT
Publication No. WO 92/00690: Fuchs er al. (1991) BioTechnology 9:1370-1372; Hay e1
al. (1992 Hum Antibod Hyvbridomas 3:81-85: Huse er al. (1989 Science 246:1275-1281;
McCafferty er ai., Nature (1990) 348:552-554; Griffiths et al {1993) EMBG ] 12:725-
734: Hawkins er al. (1992} J Mol Biol 226:889-896; Clackson er al (1991) Nanre
352:624-628; Gram ef al. {1992) PNAS £9:3576-3580; Garrad et al. (1991}
Bio/Technology 9:1373-1377; Hoogenboom er al. (1991) Nuc Aeid Res 19:4135-4137,
and Barbas er af. (1991) PNVAS 88:7978-7982, US patent application publication
20030186374, and PCT Publication No, WO 97/2013 1.

Methods for conducting such screening and selection are well known in the art,
quch as described in the references in the preceding paragraph. To select antibodies of
fhe invention having particelar binding affinities for PGE,, such as those that dissociate
from PGE, with a particular kg rate constant, the an-known method of surface plasmon
resonance can be used 1o select antihodies having the desired kow rate constant. To select
antibodies of the invention having a particular neutralizing activity for PGE,, such as
those with a particular ICsp, standard methods known n the art for assessing the

inhibition of PGE; activity mav be used.
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For example, the antibodies of the present invention can also be affinity matured
using various display methods known in the art. In phage display methods, functional
antibody domains are displayed on the surface of phage particles that carry the
nolvnucleotide sequences encoding them. in & particular, such phage can he urhzed 1o
display antigen-binding domains cxpressed from a repertomre or combinatorial antibody
library (e.g., human or murine}. Phage expressing an antigen binding domain that binds
the antigen of Interest can be selected or identified with antigen, e.g., using labeled
antigen or antigen bound or captured 10 & solid surface or bead. Phage used in these
methods are typically filamentous phage including fd and M13 binding domains
expressed from phage with Fab, Fv or disulfide stabilized Tv antibody domains
recombinantly fused 10 either the phage gene I or gene VI protem, Examples of phage
display methods that can be used to make the antibodies of the present invention inchude
those disclosed in Brinkman et al., I, Immunol. Methods 182:41-50 (1995); Ames et al., I.
Immunol. Methods 184:177-186 (19933 Kettleborough et al., Eur. J. Immunol. 24:952-
058 {1994 Persic et al., Gene 187 6-18 (1997, Bunon et al.. Advanges in Immunology
57:101-280 (19947, PCT application No. PCT/GB21/01134; PCT publications WU
GO/02800: WO §1/10737; WO 62/01047; WO 92/18610; WO 93/11236; WO 95/15982;
WO 65/20401; and U.S. Pat. Nos. 5,698,426 5,223 ,409; 5403 484; 5380,717;

As described in the above references, after phage selection, the antibody coding
regions from the phage can be isolated and used to generate whole antibodies including
human antibodies or any other desired antigen binding fragment, and expressed in any

esired host, including mammalian cells, insect cells, plant cells, yeast, and bacteria, e.g.,
a¢ described in detail below. For example, techniques 1o recombinantly produce Fab,
Faly' and Fiab")? fragments can also be emploved using methods known in the art such as
those disclosed in PCT publication WO 92/22324; Mullinax et al., BioTechmques
12665 864-864 (1992); and Sawat et &l AJRI 34:26-34 (1995); and Betier et al,, Science
240:1041-1043 (1988) . Exampies of techniques that can be used t¢ produce single-chain
Fys and antibodies include those described in U.S. Pat. 4 $46,778 and 5.258, 49%; Husion
et al., Methods in Enzyvmelogy 203:46-88 (19913 Shu et al., PNAS 9(3;7905-709G (1003}

and Skerra et al., Science 240 1038-1046 {19%8).
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Alternative to screening of recombinant antibody librarics by phage display, other
methodologies known in the art for screening large combinatorial libraries can be applied
to the identification of dual specificity antibodies of the invention. One type of
alternative expression system s one i which the recombinant antibody library is
expressed a8 RNA-protein fusions, as described in PCT Publication No. WO 98/31700 by
Szostel and Roberts, and in Roberts, RW. and Szostak, ILW. (1997} Proc. Nail. Acad,
Sei USA 94:12297-12302. In this systemn, a covalent fusion is created between an mRNA
and the peptide or protein that it encodes by in vitro translation of synthetic mRINAs that
carry puromycin, a peptidyl acceptor antibiotic, at their 3 end. Thus, a specific mRNA
can be enriched from a complex mixture of mRNAs {e.g., 4 combinatorial library; based
on the properties of the encoded peptide or protein, e.g., antibody, or portion thereof, such
as binding of the antibody, or portion thereof, w the dua specificity antigen. Nucleic
acid sequences encoding antibodies, or portions thereof, recovered from screening of such
libraries can be expressed by recombinant means as described above (e.g., in mammalian
host cells) and, moreover, can be subjected to further affinity maturation by either
additional rounds of screening of mRNA-peptide fusions in which mutations have been
introduced into the originally selected sequence(s), or by other methods for affinity

maturation in vitro of recombinant antibodies, as described above.

I apother approach, the antibodies of the present Invention can be generaied
uging veast display methods known in the art. In yeast display methods, genetic methods
are used to tether antibody domains 1o the veast cell wall and display them on the surface
of veast. In particular, such yeast can be wilized to display antigen-binding domains
expressed from a repertoire or combinatorial antibody library (c.g., human or murine}.
Examples of veast display methods that can be used to make the antibedies of the present

ipvention include those disclosed in Wittrup, et al. U.S. Patent No. 6,699,658,
B. Production Of Recombinant Prostaglandin E, Antibodies

Antibodies of the present invention may be produced by any of a number of
techniques known in the art. For example. expression from host cells, wherein expression
vecror(s) encoding the heavy and Hight chaing are vansfected into a host celi by standard
techniques. The varous forms of the term "transfection” are intended 10 encompass 2

wide variery of technigues commonly used for the introduction of exogenous DNA into a
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prokarvotic or cukaryotic host cell, e.g., clectroporation, calcium-phosphate precipitation,
DEAF-dextran transfection and the like. Although it is possible to express the antibodies
of the imvention in either prokarvotic or cukaryotic host cells, expression of antibodies in
eubarvatic cells is preferable, and most preferable in mammalian host cells, because such
sukarvotic cells (and in particular marmmalian cells) are more likely than prokaryotic cells

1o agsemble and secrete a properly folded and immunclogically active antibody.

Preferred marmalian host cells for expressing the recombinant amtibodies of the
invention include Chinese Hamster Ovary (CHO celiss (including dhfr- CHO cells,
described in Urlaub and Chasin, (1980} Proc. Natl. Acad. Sci, US4 77:4216-4220, used
with 2 DHFR selectabie marker, e g, as described in R Kaufman and P.A. Sharp (1982)
Mol Biol 139:601-621), NSO mveloma celis, COS cells and SP2 cells. When
recombinant expression vectors encoding antibody genes are introduced into mammalian
host cells, the antibodies are produced by culturing the host cells for a peniod of time
sufficient to allow for expression of the amibody in the host celis or, more preferably,
secretion of the antibody into the culture medium in which the host cells are grown.
Amtibodies can be recovered from the culture medium using swndard protein purification

methods,

Host calls can alse be used to produce functional antibody fragments, such as Fab
fragments or scFv molecules. 1t will be understood that variations on the above
procedure are within the scope of the present invention. For example, it may be desirable
to transfect & host cell with DNA encoding functional fragments of either the hight chamn
and/or the heavy chain of an antibody of this invention. Recombinant DNA technology
mayv alsc be used to remove some, or all, of the DNA encoding cither or both of the light
and heavy chaing that is not necessary for binding to the antigens of interest. The
molecules expressed from such truncated DNA moiccules arce also encompassed by the
antibodies of the invention. Tn addition, bifunctional antibodies may be produced in
which one heavy and one light chain are an antibody of the invention and the other heavy
and light chain are specific for ap antigen other than the antigens of interest by
crossiinking an antibody of the invention 10 a second antibody by standard chemical

crosshinking methods.
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In a preferred system for recombinant expression of an antibody, or antigen-
binding portion thereof, of the invention, a recombinant expression vector encoding both
the antibody heavy chain and the antibody light chain is introduced inte dhir- CHO cells
by calcium phosphate-mediated wansfection, Within the recombinant expression vector,
the antibody heavy and Tight chain genes are each operatively linked 1o CMV
enhancer/ AAMLP promoter regutatory elements to drive high levels of ranscription of
the genes. The recombinant expression vector also carries a DHFR gene, which allows
for selection of CHO cells that have been iransfected with the vector using methotrexate
selection/ampiification, The selected transformant host cells are cultured to allow for
expression of the antibody heavy and light chains and intact antibody 18 recovered from
the culture medium. Standard molecular biology techniques are used w prepare the
recombinant expression vector, transfect the host cells, select for ransformants, culture
the host cells and recover the antibody from the culture medinm. St further the
invention provides a method of synthesizing a recombinant antibody of the invention by
culturing 2 host cell of the invention in a suitabie culture medium uniil & recombinant
antibody of the invention is synthesized. The method can further comprise 1solating the

recombinant antibody from the calure medium.
Production of Anti-Prostagiandin E; Chimeric Antibodies

A chimeric antibody is a molectle in which different pertions of the aptibody are
derived from different animal species, such as amibodies having a variable region derived
from z murine monoclonal antibody and & human immunoglobulin constant region.,
Methods for producing chimeric antibodies are known in the art and discussed m detail in
Exampie 2.1. See e.g., Morrison, Science 2291202 (1983); O et al, BioTechniques
4:014 (19867, Gillies et al.. (1989} 1. Immunol. Methods 125:191-202; 1.5, Pat. Nos.
5.807,715: 4 816,567; and 4,816,397, In addition, technigues developed for the
production of "chimeric antibodies” (Morrison et al.. 1984, Proc. Natl. Acad. S¢i. &1 BS51-
%55 Neuberger ot al., 1984, Nawye 312:604-605; Takeda et al., TUES, Nature 314:452-
454) by splicing genes from a mouse antibody molecule of appropriate antigen specificity
together with genes from a human antibody molecule of appropriate biotogical activity

can be used.
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In one embodiment, the chimeric antibodies of the invention are produeced by
replacing the heavy chain constant region of the murine monoclonal anti PGE, antibodies
escribed in section 1 with 2 human I1gG1 constant region. In a specific embodiment the

chimeric antibody of the invention comprises 2 heavy chein variable region (Vi
comprising the amino acid sequence of SEQ 1D 60, 62. 64, 66, G870, T2, 74,76, T8, and
80 and light chain variable region (V) SEQ ID 61, 63, 63, 67,65, 71, 73,75, 77, 79, and

81,

%

Anti-Prostaglandin E, Humanized Antibodies

Humanized antibodies are antibody molecules derived from a non-human species
antibody that binds the desired antigen having one or more complementarity determining
regions (CDRs) from the non-human species and framework regions from @ human
immunoglobuiin molecule. Known human Ig sequences are disciosed, e.g..
www.ncbi.nim.nil gov/entrez- /query. fogt, www atcc.org/phage/hdb heml;
www.sciquest.comy; www.abcam.com/; www antibodyresource.com/onlinecomp.html
www public.iastate. edu/ about.pedro/research_tools html; www. mgen.uni-
neidelbere.de/SD/TT/AT himl; www. whireeman com/immunology/CH- (5/kuby(3. him:
worw Jibrary thinkguest.org/ 12429/ Immunc/ Antibody himl;
wwrw i, ore/grants/lectures/1 996/viab/, www . path.cam.ac. uk/ about.mrc7/m-
ikeimages tmi, www.antibodyresource.com/; meb.harvard edu/BioLinks/Immuno-
logy. htmlwww.immunclogylink.com/; pathbox wustledu/ about. heenter/index. - himl;
www_biotech ufl.edu/ about.hel/; www.pebio.com/pa/340913/340%13 himi- |
wiww.nal.usda goviawic/pubs/antibody/. www.m.echime-u.acip/ about yasuhiio-

/Elisa. mtml; www biodesien.com/able.asp; www. icnet.uk/axp/facs/davies/Tin- ks hunl;
www, biotech ufl.edn/ about feelprotocol huml;, www jsac-net.org/sites_geohiml;
aximtl.imt.uni-marburg.de/ sbout.rel/AEP - Start.himi;

baserv.uci kun.nl/ about jraats/Hinksl html: www.recab.uni-hd.de/immunc.bme. nwu.edw/:
www.mrc-cpe.cam.ac. uk/imi-doc/pu- blic/INTRO hunl;

www. ibtunam. mxAvit/V_mice.iiml imgtonuse R 047

www bicchern.ucl ac.uk/ about.martin/shs/index huml; antbody.bath.ac.uk/;

abgen.cvm. tamu.edu/lab/wwwabgen hml; www unizh.ch/.about honegger/AHOsem-
inar/Slidei1 himl; www.cryst.bbk ac.uk/ about.ubegh7s/,

www . nimr.mre.ac.uk/CC/ccacwg/ccaswe. htm: www path.cam.ac.uk/ about.mre7/h-
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urnanisation/TAHHP htmi; www ibtunam mx/vir/structure/stat_aim html;

www bioscl. missourt.edw/smithgp/index. hunl; www cryst.bioc.cam.ac.uk/.abo-
ut.fmolina/Web-pages/Pept/sportech.btmi; www jerini. de/fr roducts him;

www patents ihin com/ibm. html.Kabat of al., Sequences of Proteins of Immunological
Imterest, U.S. Dept. Health (1983). Such imported sequences can be used 10 reduce
immunogenicity or reduce, enhance or modify binding, affinity, on-rate, off-rate, avidity.

specificity, half-life, or any other suitable charactenistic, as known in the art.

Framework residues in the human framework regions may be substituted with the
corresponding residue from the CDR donor antibody 1o alter, preferably improve, antigen
binding. These framework substitutions are identified by methods well known in the art,
¢.c., by modeling of the interactions of the CDR and framework residues to identify
framewaork residues important for antigen binding and sequence comparison w identify
unusual framework residues at particular positions. (See, e.g., Queen et al,, U.S. Pat. No.
5,583 0%0: Riechmann et al., Nature 332:323 (1988)). Three-dimensional
immunogiobulin models are commonly available and are familiar to those skilied in the
art. Computer programs are available that illustrate and display probable three-
dimensional conformational structures of selected candidate immunoglobulin sequences.
Inspection of these displays permits analysis of the likely role of the residues in the
functioning of the candidate immunoglobulin sequence, i.c.. the analysis of residues that
infiuence the ability of the candidate immunoglobulin to bind its antigen. I n this way, FR
residues can be selected and combined from the consensus and impert sequences so that
the desired antibody characteristic, such as increased affinity for the target antigen(s), is
achieved. In general, the CDR residues are directly and most substantially involved in
influencing antigen binding. Antibodies can be humanized using & vaniety of techniques
known in the art, such as, but not imited 1o, those deseribed 1 Jones et al., Nature
321:522 (1986} Verboeven et al., Science 230:1334 (1088)), Sims et al, 1 Immunol.
151: 2296 (1993); Chothia and Lesk, J. Mol. Biol. 196:901 (1987), Carter et al., Proc.
Natl. Acad. Sci. U.S.A. 80:4285 (1992}, Presta et al., J. Immunol. 1512623 (1993},
Padlan, Molecular Immunology 28(4/51:4809-408 (1991 ); Studnicka et al., Frotein
Engincering 7(61:805-814 (1994); Roguska. et al. . PNAS 91:969-973 {1904y, PCT
publication WO §109967, PCT/ USI8/16280. USY6/18978, USHLAAB630, USH1AO5939,
USO4/01234, GBRY/01334, GBY1/01134, GBIZ/O1753; WOR/14442, WOS0/14424.
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WO90/14430, EP 220246, EP 392,106, EP 319,506, EP 239,400, U.S. Pat. Nos.
3,565,332, 3,724,323, 5,976,862, 5.824 514, 5,817 483, 5814476, 5763162, §723373,
Y 6,204,003, 6,180,370, 5,693,762, 5,330,101, 5,585,089, 5225 539,
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and 4. 814,367,
C. Production of Antibedies and Antibedy-Producing Cell Lines

Preferably, anti- PGE; anmibodies of the present tnvention exhibit 2 high capacity
to reduce or to neutralize PGE, activity, e.g., as assessed by any one of several in vitro
and in vivo assays known in the art {e.¢., see Example 1.1.C). For exampic, these
antibodies neutralize PGE-induced calcium influx in EP4 assay with 1Cs values in the
range of at least about 1676 M., about 107 M, about 107 M, about 107 M, about 107 M,
about 107 M or about 1077 M,

in preferred embodiments, the isolated antibody, or antigen-binding portien
thereof, binds PGE,, wherein the antibody, or antigen-binding portion thereof, dissociates
from PGE, with a ko rate constant of about 0. 157" or less, as determined by
radiolmmoassay or which inhibits PGE, activity with an ICs of about 1 x $0°M or less.
Alternatively, the antibody, or an antigen-binding portion thereof, may dissociate from
PGE- with a kg rate constant of about 1 x 107 or iess, as detgrmined by
radioimmunoassay, or may inhibit PGE- activity with an ICs, of about 1 x HYTM or Jess.
Alternatively, the antibody, or an antigen-binding portion thereof, may dissociate from
PGiE, with a ko rate constant of about 1 x 1075 or less, as determined by
radioimmunoassay. or may inhibit PGE, with an 1Cs0 of about 1 x 10°°M or less.
Alternatively, the antibody, or an antigen-binding portion thereof, may dissociate from
PGE, with a ko rate constant of about 1 % 16757 or less, as determined by
radioimmunoassay, or may inhibit PGE; activity with an ICso of about 1 x 17" or less.
Alternatively, the antibody, or an antigen-binding portion thereof, may dissociate from
PLIE, with 8 ko rate constant of about 1 x 10767 or less, as determined by
radicimmuncassay. or may inhibit PGE, activity with an 1Csg of about | 1079 or less.
Alrernatively, the antibody, or an antigen-binding portion thereof, may dissociate from
PGE, with a kg rate constant of about 1 x 10%7 or less, as determined by

radioimmuncassay, or may inhibit PGE, activity with an ICse of about | x 107 M or less.
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The menocional antibodies of the invention block PGE: binding to at least one of
EP1. EP2, EP2. and EP4 receptors. Both FACS-based receptor binding assay and H-
labeled PGE, binding assay on cell surface demonstratethat both murine version and
humanized version anti-PGE2, are able o effectively block PGE: binding w 1 receplors.
The crystal structure of PGE; complexed with the Fab portion of bumanized anti-PGE,

antibody Hu2BS5.7 is envisioned by the invention

In certain embodiments, the amtibody comprises a heavy chain constant region.
such as an TgGl, 1gG2, 1gG3, 1gG4. igA, TgE, IgM or IgD constant region. Preferably,
the heavy chain constant region is an 1gG1 heavy chain constant region or an 1gG4 heavy
chain constant region. Furthermore, the antibody can comprise & hght chain constant
region, cither a kappa Hght chain constant region or a lambda light chain constant region.
Praferably, the antibody comprises a kappa light chain constant region. Alternatively, the

amtibody portion can be, for example, a Fab fragment or a single chain Fv fragment.

Replacements of amino acid residues in the Fe portien to alter antibody effector
function are known in the art (Winter, e ¢l US PAT NOS 5.648,260: 56248211 The Fc
portion of an antibody mediates several important effector functions. .g., cytokine
induction, ADCC, phagocytosis, complement dependent cytotoxicity (CDC) and half-life/
clearance rate of antibody and antigen-antibody complexes. In some cases these effector
functions are desirable for therapeutic antibody but in other cases might be unnecessary
or even deleterious, depending on the therapeutic objectives. Certain human IgG
isotypes, particularly 1gG1 and 1gG3, mediate ADCC and CDC via binding 10 FeyRs and
complement Clq, respectively, Neonatal Fe receptors (FcRn) are the gritical components
determining the circulating half-life of antibodics. In sull another cmbodiment at least
one amine acid residue is replaced in the constant region of the antibody, for example, the
Fc region of the antibody, such that effector functions of the antibody are altered. In
another embodiment, the activity of the Fe fragment can be greatly enhanced by
sialvlation of the N-linked glycan of the Fo portion {e.g., with 2,6-imkage te the
henultimate galactose on the complex, biantennary glvean found at Asn 297 in

immunogiobutin G (1gGY) (Anthony, RM (2008 Science 320:373-376),

One embodiment provides a labeled binding protein wherein an antibody or

antibody portion of the invention is derivatized or linked to another functional moiecule
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(¢.g.. another peptide or protein). For example, a labeled binding protein of the mvennon
can be derived by functionalty linking an antibody or antibody portion of the invention
{e.g., by chemica! coupling, genetic fusion, noncovalent association or otherwise) 10 one

or more other motecular entities, such as another amibody (e.g.. a bispeaific antibody or 2

diahody),  detectable agent, a oytotoxic agent, & pharmaceutical agent, and/or & protein

or peptide that can mediate association of the aptibody or antibody portion with another

molecuis {e.g., such as a streptavidin core region or a polyhistidine tag).

Useful detectable agents with which an antibody or antibody portion of the
invention may be derivarized include fluorescent compounds. Exemplary fluorescent
detectable agents include fluorescein, fluorescein isothiocyanate, rhodamine, 5-
dimethylamine-1 -napthalencsulfonyt chioride, phycoerythrin and the ike. An antibody
may also be derivatized with detectable enzymes, such as alkaline phosphatase,
horseradish peroxidase, ghicose oxidase and the like, When an antibody is derivatized
with 2 detectable enzyme, it is detected by adding additional reagents that the enzyme
ases 1o produce a detectable reaction product. For example, when the detectabic agent
horseradish peroxidase is present, the addition of hydrogen peroxide and
diaminocbenzidine leads to a colored reaction product, which is detectable. An anuibody
may also be derivatized with bioun, and detected through indirect measurement of avidin

or streplavidin binding.

Another embodiment of the invention provides a crystallized binding protein.
Preferably the invention relates to erystals of whole ant- PGE: antibodies and fragments
thereof as disclosed herein, and formulations and compesitions comprising such crystals.
In onc embodiment the crvsiallized binding protein has & greater half-life in vivo than the
soluble counterpart of the binding protein. In another embodiment the binding protein

retains biological activity after crystallization.

Crystaliized binding protein of the invention may be produced according methods

known in the art and as disclosed m WO 02072636,

Another embodiment of the invention provides & glycosylated binding protein
wherein the antibody or antigen-binding poerion thereof comprises one of more
carbohvdrate residucs, Nascent in vivo protein production may undergo fusther

processing, known ag post-transiational modification. In pariicular, sugar (ghvoosyl
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residues may be added enzymatically, a process known as glycosyiation. The resulting
proteins bearing covalently linked oligosaccharide side chains are known as glycosylated
proteins ot ghycoproteins. Antibodics are givcoproteins with onc or more carbohvdrate
residues i the Fo domain, as well as the variable domam. Carbohydrate residues in the
F¢ domain have important effect on the effector function of the Fe domain, with minimal
effect on antigen binding or half-life of the amibody (R. Jefferis, Biotechnol Prog. 21
(20053, pp. 11-16). In contrast, glycosylation of the variable domain may bave an gtfect
on the antigen binding activity of the antibody. Glycosylation in the variable domain may
have a negative effect on antibody binding affinity, likely due to steric hindrance {Co,
M.S.. et al.. Mol fmmunol (1993} 30:1361- 1367}, or result in increased affinity for the
antigen (Wallick, $.C., et al, Exp. Med. (1988} 168:109%-1109; Wright, A, et al, EMBO

1 (1991) 10:2717 27231,

One aspect of the present invention is directed 10 generating glvcosylaton sie
mutants in which the O- or N-linked glvcosylation site of the binding protein has been
mutated. Ome skilled in the ari can generaie such mutants using standard well-known
technologies. Glveosvlation site mutants that retain the biological acuvity, but have

increased or decreased binding activity, are other objects of the present invention.

In stili another embodiment, the glvcosylation of the antibody or antigen-binding
portion of the invention is modified. For cxample, an aglvcoslated antibody can be made
{i.e., the antibody lacks giveosvlation). Glvcosyiation can be altered to, Tor example,
increase the affinity of the antibody for antigen. Such carbehydrate modifications can be
accomplished by, for example, altering one or more sites of glycosylation within the
antibody sequence. For example, one or more amino acid substitutions can be made that
result in elimination of ane or more variable region glveosylation sites 1 thereby
climinate glycosylation at that site. Such a glycosylation may increase the affinity of the
antibody for antigen. Such an approach is described in further detail in PCT Publication

WOZO03016466A2, and LS, Pat. Nos. 5,714,350 and 6,250,861,

Additionally or alternatively, a modified antibody of the invention can be made
that has an altered type of ziyeosylation, such as a hypofucosylated antibody having
reduced amounts of fucosyl residues or an antibody having increased bisecting GleNAc

structures, Such altered glycosylation patterns have been demonstrated to increase the
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ADCC ability of antibodies. Such carbohydratc modifications car be accomplished by,
for example, expressing the antibody in 2 host cell with altered glycosylation machinery.
Cells with aftered glycosvlation machinery have been described in the art and can be nsed
as host cells in which 1o express recombinant antibodies of the invention to thereby
produce an antibody with altered glyeosylation. See, for example, Shields, R. L. et al.
(20023 1. Biol Chem. 277:26733-26740; Umana et al. (1999) Nat. Biotech. 17:176-1, as
well as, European Parent No: EP 1,176,195 PCT Publications WO 03/035835, WO
99/34347 80

Protein glycosylation depends on the amino acid sequence of the protein of
interest. as well as the host cell in which the protein it expressed. Different organisms
may produce different glycosylation enzymes (e.g., glycosyltransferases and
glycosidases), and have different subswrates (nucleotide sugars) available. Due 6 such
factors, protein glvcosylation pattern, and composition of glycosyl residues. may differ
depending on the host system in which the particular protein is expressed. Glveosyl
residues useful in the invention may inciude, but are not limited to, glucose, galaciose,
mannose, fucose, n-acetylglucosamine and sialic acid. Preferably the ghycosylated

binding protein comprises glvcosy! residues such thar the glycosylation pattern s human.

Tt is known 10 those skilied in the art that differing protemn glycosviation may
result in differing protein characteristics. For instance, the efficacy of a therapeutic
protein produced in & microorganism host, such as yeast, and glycosylated utihzing the
yeast endogenous pathway may be reduced compared to that of the same protein
expressed in 2 mammalian cell, such as @ CHO cell hine. Such glycoproteins may also be
immunogenic in humans and show reduced half-life in vivo after administration. Specific
receptors in humans and other animals may recognize specific giycosyi residues and
promote the rapid clearance of the protein from the bloodstream. Other adverse effects
may include changes in protein folding, solubility. susceptibility to proteases, trafficking,
transport, compartmentalization, secretion, recognition by other proteins or factors,
sntigenicity, or allergenicity. Accordingly, a practitioner may prefer a Srancunc protein
with 2 specific composition and patiern of glveosylation. for example, glveosylation
composition and pattern identical, or at least similar. to that produced i human cells or in

the species-specific cells of the intended subject animal.
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Expressing elvcosylated proteins different from that of 2 host cell may be
achieved by genetically modifving the host cell 1 express heterologous giycosylation
enzymes. Using techniques known in the art a practitioner may generate antibodies or
antigen-binding portions thereof exhibiting human protein glycosylation. For exampie,
voast strains have been genetically modified to expross non-naturally occurring
glvcosviation enzymes such that glycosylated proteins (i.e., glycoproteins) produced in
these veast strains exhibit protein glycosylation identical to that of animal celis,
especially human cells (U.S patent applications 20040018590 and 20020137134 and PCT
publication WOZ2003100584 A2).

In addition to the binding proteins, the present invention is also directed 1o an
anti-idiotypic (anti-1d} antibody specific for such binding proteins of the invention. An
anti-1d antibody is an antibody that recogmzes unique determinants generally associated
with the antigen-binding region of another antibody. The anti-1d can be prepared by
immunizing an animal with the binding protein or a CDR containing region thereof. The
immunized animal will recognize, and respond to the idiotypic determinants of the
immunizing antibody and produce an anti-1d antibody. The anti-}d antibody may also be
used as an "immunogen” fo induce an immune response in vet another animal, producing

a so-called anti-anti-1d anttbody.

Further, it will be appreciated by one skilied in the art that 2 protein of interest
may be expressed using & library of host cells genetically engineered to express various
glveosylation enzymes, such that member host cells of the library produce the protein of
interest with variant glycosylation patterns. A pracuitioner may then select and isolate the
protein of interest with particular novel glycosylation patterns. Preferably, the protein
having a particularly selected novel glveosvlation pattern exhibits improved or altered

biological propertics.
D, Uses of Anti-Prostaglandin E, Antibodies

Given their ability 10 bind to PGE,, the anti- PGE, antibodies, or portions thergof,
of the invention can be used to detect PGEy (e.g., in a biological sampie, such as serum or
plasma), using a conventional immunoassay. such as an enzyme linked immunosorbent
assays (ELISA), an radioimmunoassay (RIA} or tssue immunohistochemistry. The

invention provides & method for detecting PGE: in 2 biological sample comprising

T4
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contacting a biclogical sample with an antibody, or antibody portion, of the invention and
detecting either the antibody (or antibody portion) bound to PGE; or unbound antibody
{or antihody portion), to thereby detect PGE, in the biclogical sample. The antibody 18
directty or ndirectly labeled with a detectable substance 1o facilitate detection of the
bound or unbound antibedy. Suitable detectable substances include various enzymes.
prostheric groups, fluorescent materials, luminescent materials and radioactive materials.
Examples of suitable enzymes include horseradish peroxidase. alkaline phosphatase, fi-
galactosidase, or acetyicholinesierase; examples of suitable prosthetic group complexes
include streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials
inchude umbeliiferone, fluorescein, fluorescein isothiocyanate, rhedamine,
dichlorotriazinvlamine fluorescein, dansy] chloride or phycoerythrin; an example of 2
luminescent material includes luminol; and examples of suitable radioactive material

. 3yy 14 35 Gl y 9 3 25 3 177 [ 53
include “H "C Ps, %y, PTe, M, L L UL, " Ho, or 0 Sm,

Aliernative 10 labeling the antibody, PGE, can be assayed in biological fluids by a
competition immunoassay utilizing PGE, standards jabeled with & defectable substance
and an unlabeled anti- PGE» antibody. In this assay, the biclogical sample, the labeled
DOE, standards and the anti- PGE, antibody are combined and the amount of labeled
PGE- standard bound to the unlabeled antibody is determined. The amount of PGE; in
the biological sample is inversely proportional to the amount of labeled PGE; standard
bound to the anti- PGE, antibody. Similarly, PGE, can also be assaved in biological
fluids by a2 competition immunoassay utilizing PGE; standards labeled with 2 detectable

substance and an unlabeled anti-PGE; antibody.

The antibodies and antibody portions of the invention preferably are capable of
neutralizing PGE, activity both in virro and in vive, Accordingly, such antibodies and
antibody portions of the invention can be used to inhibit PGE, activity, e.g., in a cell
culture containing PGE,, in human subjects or in other mammalian subjects having PGE,
with which an amtibody of the invention cross-reacts. In one embodiment. the invention
provides 2 method for inhibiting PGE, activity comprising contecting PGE; with an
antibody or antibedy portion of the invention such that PGE, acuvity is inhibited. For
example, in a cell culture containing, or suspected of containing PGE;, an antibody or
antibody portion of the invention can be added to the culture medium to inhibit PGE;

activity in the culture.
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In another embodiment, the invention provides a method for reducing PGE»
activity in a subject, advantageously from a subject suffering from a disease or disorder in
which PGE, activity is detrimental. The invention provides methods for reducing PGE,
activity in a subject suffering from such a disease or disorder, which method comprises
administering to the subject an antibody or aptibody portion of the invention such that
PG, activity in the subject is reduced. Preferably, the subject is 2 human subject.
Alternatively, the subject can be a mammal expressing PGE» to which an antibody of the
invention is capable of binding. Sull further the subject can be a mammal into which
P(3E, has been introduced (e.g., by administration of PGE, or by expression of a PGE;
synthetase transgene). An antibody of the invention can be administered {0 2 human
subject for therapeutic purposes. Moreover, an antibody of the invention can be
admimstered o a pon-human mammal expressing PGE, with which the antibody 1s
capable of binding for veterinary purposes or as an animal model of human disease.
Regarding the latter, such animal medels may be useful for evaluating the therapeutic
efficacy of antibodies of the invention (e.g., testing of dosages and time courses of

adminigtration

As used herein, the term "a disorder in which PGE; activity is detrimental” 1s
intended to inglude diseases and other disorders in which the presence of PGEz 1n a
subiect suffering from the disorder has been shown 1o be or 1s suspected of being either
responsible for the pathophysiology of the disorder or a factor that contributes 16 4
worsening of the disorder. Accordingly, a disorder in which PGE; activity is detrimental
15 a disorder in which reduction of PGE, activity 18 expected to alleviate the symptoms
and/or progression of the disorder. Such disorders may be evidenced, for example, by an
increase in the concentration of PGE; in & biclogical fluid of & subject suffering from the
disorder {e.g., an increase in the concentration of PGE, in serum, plasma, synovial fluid,
etc. of the subject], which can be detecied, for exampile, using an anti- PGE; antibody as
described above. Non-limiting exampies of disorders that can be treated with the
antibodies of the invention include those disorders discussed in the section below

pertaining to pharmaceutical compositions of the antibodies of the invention,

PGE, has been implicated as having a pivotal role in causing pathological
responses assoctated with rheumatoid arthritis. However other mediators of differential

immunological pathways are also involved in arthrinis. and blocking thess mediators, in
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addition to PGE-. may offer additional therapeutic benefit. Thus, binding proteins of the
invention may be incorporated into DV D-Ig™ proteins where in the DVD-1g™ s

capable of binding farget pairs including, but not limited 10, PGE, and & pro-inflamypatory
evtokine, such as tumnor necrosis factor-o (TNF.a). Blocking both PGE: and TNF-u may
have beneficial effects that combining DMARIDY effect of TNF-o and pain relief from
blocking PGE;. In a preforred embodiment, the DVD-ig™ of the invention binds the

targets PGE; and TNFa and is used for treating rheumatoid arthritis,

One aspect of the invention pertains 10 a DVD-1g"™ binding protein comprising
binding proteins capable of binding PGE,. Preferably the DVD-Ig™ binding protein is
capable of binding PGE; and a second target. The second target is selected from the
oroup consisting of TNF, EGF. EGFR, IGF1, 1GF2, JGF L2, IGFR Erbl, Erb3, VEGF,
VEGFR, Muc-1, CSF1 (MCSF), CSF2 (GM-CSF), CSF3 (GCSF). FGF2, IFNyl,
IENv1, [FNy, histamine and histamine receptors, iL-1g, IL-1B, 1L-2, [L-3, TL-4, 1L-5,
L-6,1L-7, TL-8, 1L-9, 1L-10, IL-11, TL-12 @, TL-12 B, TL-14, TL-15, TL-16, IL-17, 1L~
18, IL-19, KITLG. PDGFRB, 1L-2R ¢, 1L-4R, 1L-5R o, IL-8R o, [L-8R B, IL-12R .1,
IL-12R 8.2, TL-18R1, TSLP, CCL1, CCL2, CCL3, CCL4, CCLS. CCLY, CCLE, CCL13,
CCL17, CCLI&, CCLIG, CCL20, CCL22, CCL24, CX3CLI, CXCLT, CRCL2,
CXCL3, XCL1, CCR2, CCRA, CCR4, CCRS, CCR6, CCRT, CCRE, CX3CR1, GPRZ,
NOR1, FOS, GATAZR, JAK L, JAKS, STATS, TBX21, TGFBI, TNFSF6, YY1,
CYSLTRI, FCERIA, FCERZ, LTB4R, TB4R2 LTBR, and Chitinase. Maore
preferably, the DVD binding protein is capable of recognizing PGE; and TNY ¢, PGE»
and 1L-6, PGE; and [L-18, PGE, and 1L-6R, PGE, and CTLA-4, PGE; and EGF. PGE;
and 1GF-1/2, PGE, and Erb2, PGE» and Erb3, PGE; and VEGF. Most preferably, the
DVD binding protein is capable of binding PGE; and TNT «. Preferred DVD-Igs for
treating autoimmune diseases include but are not imited to a DVD-1g containing an ant
PGE, antibody and a targe! selected from the group consisting of TNF o, IL-1 o -1,
1L-6 or [L-6R, CTLA-4Ig, BAFF. TACI, RANKL. or DKK 1 or SOCT, MMP{3, or
MMP1 or MMP4. Target pairs preferably for cancer therapy inchude PGE, + EGF or
BGER, PGE, + IGF1 or IGFIR, PGE, + IGF2 or IGF2R, PGE, + 1GFL/2, PGE, +
VEGE or VEGFR, PGE, + Erb2, PGE; + Erb3, and PGE: + 51P.

PGE, has been implicated as having & pivotal role in cawsing pathological

responses assoctated with rheumnatoid arthritis or cancer. However other mediators of
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differential immunological pathways are also involved in arthritis or cancer, and blocking
these mediators, in addition to PGE,. may offer additional therapeutic benefit. A list of the
drugs that curremily are used for the treatment of various human diseases and disorders 15
available on the infernet at www drugs.com. This Hst is updated frequently to reflect
ctate-nfoart for the tregtment of various human diseases. Anti-PGE; can be combined with
anv of the therapies in that Jist for a particular disease conditions. A few examples are
provided below. Anti-PGE; can be combined with one or more agents for the treatment
of rheumatoid arthritis and juvenile rheumatoid arthritis, Examples of these agents include
but are not Limited 1o the agents listed below. for example, drugs that decrease pain and
inflammation while decreasing the growth of abnormal synovial tissue (the tissue that
lines the inside of the joint). These drugs include methomexate and low doses of
corticosteroids (such as prednisone or cortisone}. In some people, these drugs also
decrease joint destruction. Other medications used to treat rheumatoid arthnts mclude:
anti-malarial medications {such as hydroxychioroguine), gold, sulfasalazing,
penicillamine, cvciophosphamide, cyelosporin and minocyeline. In addition. more than
onc drug may be prescribed. Newer biologic agents that block the effects of specific
inflammatory factors (cytokines) are now available. Infliximab, etanercept and
adalimumab block the cytokine TNFa, abatacept blocks T cell costimulation, rituximab
delpetes B cells, anakinra blocks the cytokine interleukin-1, and other new biologic agents
target [L-6, IL-6R, IL-17, IL-18, IL-23, B7. 1/B7.2. Ant-PGE: can combing with one or
more agents for the weatment of ankylosing spondylitis, Exampies of these agents mclude
vt are not limited o corticosteroids, cytotoxic drags and moest recently ant-TNFo

agents. Anti-PGE; can be combined with one or more agents for the treatment of maliiple
sclerosis. Examples of these agents include but are not limited to Avonex, Azasan,
Azathioprine, Betaseron. Bubbli-Pred, Copaxone, Cotolone, Glatiramer, Imuran,
Interferon Beta-1z, Interferon Beta-1b Solution, Key-Pred, Key-Pred SP. Mitoxanirone,
Natalizumab, Novantrone, Orapred, Orapred ODT, Pediapred, Pred-Ject-30, Predacort
50, Predalone 50, Predate- 50, Prednisolone, Prelone, Rebif, and Tysabri. Anti-PGE, can
be combined with one or more agents or treaunent procedures histed in www.drugs.com
for the treamment of pain. Anti-PGE: can be combined with one or snore agents or

treatment procedures fisted in www.drpes.com for the rreatment of Crohn’s disease. Anti-

PGE, can combine with one or more agents or treatment procedures listed i

www.drugs.com for the treatment of various human cancers and maligancies.

o
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F. Pharmaceutical Compoeosition

The invention also provides pharmaceutical compositions comprising an antibody,
or antigen-binding portion thereof, of the invention and a pharmaceutically acceptable
carrier. The pharmaceutical compositions comprising antibodies of the invention are for
use in, but not limited to, diagnosing, detecting, or monitoring a disorder, in preventing,
treating, managing, or ameliorating a disorder or one or more sympioms thereof, and/or in
research. In a specific embodiment, the pharmaceutical composition comprises one or
more antibodies of the invention. In another embodiment, the pharmaceutical
composition comprises one or more antibodies of the mvention and one or more
prophylactic or therapeutic agents other than antibodies of the invention for treating &
disorder in which PGE, activity is detrimental. Preferabiy. the prophylacuc or
therapeutic agents known to be useful for or that have been or are currently being used in
the prevention, reatment, management. or amelioration of a disorder or one o1 more
symptoms thereof. In accordance with these embodiments, the composition may further

comprise of a carrier, diluent or excipient.

The antibodies and anmtihody portions of the invention can be incorporated mito
pharmaceutical compositions suitabie for administration to & subject. Typically, the
pharmaceutical composition comprises an antibody or antibody portion of the invention
and & pharmaceutically acceptable carrier. As used herein, "pharmaceutically acceptable
carrier” inciudes anv and all solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaving agents, and the like that are
nhysiologically compatible. Exampies of pharmaceutically acceptable carriers inciude
ane or more of water, saline, phosphate buffered saline, dextrose, giycerol, ethanol and
the like, as well as combinations thereof. In many cases, it will be preferable to include
isotonic agents, for example. sugars, polyaicohols such as mannitol, sorbitol. or sodium
chloride in the composition. Pharmaceutically acceprable carriers may further comprise
minor amounts of auxiliary substances such as wetting or emulsifving agents,
preservatives or buffers, which enhance the shelf life or effectiveness of the antibody or

antibody portion.

Various delivery systems are known and can be used 10 administer one or more

antibodies of the invention or the combination of one or more amibodies of the invention
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and a prophylactic agent or therapeutic agent useful for preventing, managing, treating, ot
arnchiorating a disorder or one or more symptoms thereof, e.g., encapsulation in
Hiposomes, microparticles, microcapsules, recombinant cells capable of expressing the
antibody or antibody fragment, recopior- mediated endocyiosis {see, e g, Wu and Wu, 1.
Biol. Chem. 262:4420.4432 (1987Y), construction of a nucleic acid as part of a retroviral
or ather vector, eic. Methods of administering a prophvlactic or therapeutic agent of the
invention inclede, but are not limited 10, parenteral administration {(e.g., intradermal,
intrarmuscular, intraperitoneal, intravenous and subcutaneous), epidural administration,
intratumoral administration, and mucosal administration (e.g., intranasal and oral routes .
In addition, pulmonary administration can be employed, e.g.. by use of an inhaler or
nebubizer, and formulation with an agrosolizing agent. See, e.g., U.S. Pat. Nos. 6,019,963,
5.085.320: 5,085,309; 5,934,272 5,874,064, 5,855 ,613; 5,290,540 and 4,880,078 and
PCT Publication Nos. WO 92/19244; WO 97/32572, WO 67/44013; WO 98/31340; and
WO 99/66903. In one embodiment, an antibody of the invention, combination therapy, or
a composition of the invention is administered using Alkermes AIR® pulmonary drug
delivery technoiogy (Alkermes, Inc., Cambridge, Mass ). In a specific embodiment,
prophylactic or therapeutic agents of the invention are administered intramuscularly,
intravenously, intratumorally, oralty, intranasally. pulmonary, or subcutaneously. The
nrophylactic or therapeutic agents may be administered by any convenient route. for
example by infusion or bolus injection, by absorption through epithelial or
mucecutancous lnings (¢.g., oral mucosa, rectal and intestinal mucosa, etc.) and may be
administered together with other biologically active agents. Administration can be

systemic or local.

In & specific embodirment, it may be desirable to administer the prophylactic or
therapeutic agents of the invention locally to the arez in need of treatment. This may be
achieved by, for example. local infusion, by injection, or by means of an implant, such an
implant being of 2 porous or non-porous material, including membranes and matrices,
such as sialastic membranes, polymers. fibrous matrices (e.g., Tissuel®), or collagen
matrices. v one embodiment, an effective amount of one or more antibodies of the
invention i¢ administered iocally o the affected area 1o a subject o prevent, wreat, manage,
and/or ameliorate a disorder or a svmptom thersof. In another embodiment, an effective
amount of one or more antibodies of the invention 18 administered locally to the affected

ares in combination with an effective amount of one or more therapics (2.8, OBC 0T MOTE
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prophylactic or therapeutic agents) other than an antibody of the invention of a subject to

prevent, treat, manage, and/or ameliorate 2 disorder or one or more sympioms thereof.

In another embodiment, the prophyiactic or therapeutic agent of the inveniicn can
be delivered in & controlied release or sustained release svsiem. In one embodiment, &
pump may be used to achieve controlied or sustained release (sec Langer, supra; Sefion,
1987, CRO Crit. Ref. Biomed. Eng. 14:20; Buchwald et al., 1980, Surgery 88:507;
Saudek ot al., 1989, N. Engl. J. Med. 321:574}. In another embediment. polymeric
materials can be used 1o achieve controlled or sustained refease of the therapies of the
invention (see ¢.g., Medical Applications of Controlled Release, Langer and Wise (eds.),
CRC Pres., Boca Raton, Fla. (1974); Controlled Drug Bioavaiiability, Drug Product
Design and Performance, Smolen and Ball (eds.}, Wiley, New York (1984} Ranger and
Peppas, 1983, 1., Macromol. Sei, Rev. Macromol. Chem, 23:61; see also Levy ctal.,
1985, Science 228:190; During et al., 1989, Ann. Newrol. 25:351; Howard et al., 1689, 1.
Neurosurg. 7 1:105); U.S. Pat, No. 5,679,377, U.S. Pat. No. 5, 916,597, U. S, Pat, No.
3,912,015, US. Pat. No. 5,080,463; US. Pat. No. 5,128.326: PCT Publication No. WO
49/15154: and PCT Publication No, WO 99/20233. Exampies of polymers used in
sustained release formuiations include, but are not limited to, poly(2-hydroxy ethyl
methacrylate), poly(methy] methacrylate), poly(acrylic acid), poly(ethylene-co-vinyl
acetate), poly(methacrylic acid), polvglycolides (PLG). polvanbydrides, poly(N- viny!
pyrrchidone’. polv(vinyl alesholy, polvacrylamide, poly(ethylene glyeol), polylactdes
(PLA}, poly(iactide-co-ghycolides) (PLGA, and polyorthoesters. In a preferred
embodiment, the polymer used in a sustained release formulation is nert, free of leachable
impurities, stable on storage, sterile, and biodegradabic. In yet another embodiment. a
controlled or sustaimed release system can be placed in proximity of the prophylactic or
therapeutic target, thus requiring only a fraction of the systemnic dose (see, e.g.. Goodson,

in Medical Applications of Controlled Release, supra, vol 2, pp. 115-138 (1984]).

Controlled release systems are discussed in the review by Langer (1990, Science
24G:1527-1533). Any technique known 1o one of skill in the art can be used to produce
sustained refease formulations comprising one or more therapeutic agents of the invention.
See, e.c., U, S. Par. No. 4,526, 938, PCT publication WO §1/03548, PCT publication WO
96/20698, Ning et al. , 1996, "intratumoral Radioimmunotheraphy of a Human Colon.

Cancer Xenograft Using a Sustained-Release Gel," Radiotherapy &Oncology 39:179-189,

B
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Song et al., 1995, "Amtibody Mediated Lung Targeting of Long- Circulating Emulstons,”
PDA Journal of Pharmaceutical Science & Technology 30:372-397, Cleek et al., 1997,
"Biodegradable Polvmeric Carriers for a bFGF Antiboedy for Cardiovascular Application,”
Pro. int'l Svmp. Control. Rel. Bioact, Mater. 24:853-854, and Lam ctal., 1997,
"Wicroencapsutation of Recombinam Humanized Monoclonal Antibody for Locai

7

Delivery," Proc, Int'l. Svmp. Control Rel. Bioact. Mater. 24:759- 76(.

In a specific embodiment, where the composition of the tnvention i¢ & nucleic acid
encoding a prophylactic or therapeutic agent, the nucleic acid can be administered in vivo
1o promote expression of its encoded prophylactic or therapeutic agent, by constucting it
as part of an appropriate nucleic acid expression vector and adminstenng it so that it
becomes intracellular, e.g., by use of a retroviral vecter (see UL S, Pat. No, 4,980,286). or
by direst imiection, or by use of microparticle bombardment (e.g., & gene gun: Biolistic,
Dupont}, or coating with Iipids or cell-surface receptors or ransfecting agents, or by
administering it in linkage 1o a homeobox-like peptide which is known 1o enter the
nuclens (see, e.g., Joliot et al,, 1991, Proc. Natl. Acad. Sci. USA B8:1864-1868).
Alternatively, a nucleic acid can be introduced intracelluiarly and incorporated within host

cell DNA for expression by homologous recombination.

A pharmaceutical composition of the invention is formulated 1o be compatible
with it intended route of adminigtration. Examples of routes of administration include,
but are not Hmited 1o, parenteral, c.g. intravenous, intradermal, subcutancous, orai,
intranasal (e.g., inhalation), ransdermal (e.g.. topical), wansmucosal, and rectal
administration. In 2 specific embodiment, the composition is formulated in accordance
with routine procedures as a pharmaceutical composition adapted for intravenous,
subcutaneous, intramuscular, oral, intranasal, or topical administration to human beings.
Typically, compositions for intravenous administration are solutions In sterile 1sotonic
acueous buffer, Where necessary. the composition may also include a solubilizing agent

and & local anesthetic such as lignocaine 1o case pain at the site of the injection.

If the comnpositions of the invention are to be administered topically, the
compositions can be formulated in the form of an ointment, cream, mansdermal patch,
lotion, gel, shampoo, spray. acrosol, solution, emulsion, or other form known 1o one of
skill i the art. See, e.g., Remington's Pharmaceutical Sciences and introducuon to

Pharmaceutical Dosage Forms, 19th ed.. Mack Pub. Co., Easton. Pa. {1905, For non-
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spravable topical dosage forms, viscous to semi-solid or solid forms comprising 4 carrer
of ORe of more excipients compatible with wpical application and having a dynamic
viscosity preferably greater than water are typically emploved. Suitable formulations
inchude, without lmitation. solutions, suspensions, omuisions, Creams, HNURenS,
powders, liniments, salves, and the like. which are, if desired, sterilized or mixed with
auxiliary agents (c.g., preservatives, stabilizers, wetting agents, buffers, or salts) for
influencing various propertics, such as, for example, csmotic pressure. Other suitable
topical dosage forms include sprayable aerosol preparations wherein the active ingredient,
preferably in combination with a solid or liquid inert carrier, is packaged in & mixture with
a pressurized volatile (e.¢., 2 gaseous propetlant, such as freon) or in a squeeze bottie.
Moisturizers or humectants can also be added 1o pharmaceutical compositions and dosage

forms if desired. Examples of such additional ingredienis are well known i the art.

If the method of the invention comprises inanasal admimstration of a
composition, the composition can be formulated in an aerosol form. spray, mist or in the
form of drops. In particular, prophylactic or therapeutic agents for use according o the
present invention can be conveniently delivered in the form of an aerosol spray
presentation from pressurized packs or a nebuliser, with the use of a suitable propeliant
(e.g., dichlorodifluoromethanc, trichiorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas). In the case of a pressurized aerosol the dosage unit may be
determined by providing a valve to deliver a metered amount. Capsules and cartridges
(composed of, e.g., gelatin} for use in an inhaler or insufflator may be formulated
contatning & powder mix of the compound and a suitabje powder base such as lactose or

starch,

If the method of the invention comprises oral administration. compositions can be
formulated in the form of tablets, capsules, cachets, gelcaps. solutions, suspensions, and
the like. Tablets or capsules can be prepared by conventional means with
pharmaceutically acceptable excipients such as binding agents (e.g. pregelatinised maize
starch, polyvinylpyrrolidone, or hyvdroxypropy! methyleellulose): fillers (e.g., lactose,
microcrystalline celiulose, or calcium hydrogen phosphate); Jubricants (e.g.. magnesium
stearate, tale. or silica): disintegrants (e.g., potato starch or sodium starch glveolate): or
wetting agents (c.g., sodium laury} sulphate}. The tablets may be coated by methods well-

known in the art. Liguid preparations for oral administration may take the form of, but

&8
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not limited to, solutions, syrups or suspensions, or they may be presented as a dry product
for constitution with water or other suitable vehicle before use. Such Hiquid preparanons
may be prepared by conventional means with pharmaceutically acceptable additives such
as suspending agents (e.g., sorbitol syrap, cellulose derivatives, or hydrogenated edibic
farsy; emulsifving agents (e.g., lecithin or acacia) non-agqueous vehicles (e.g.. almond oil,
oilv esters, ethy! alcohol, or fractionated vegetable oils); and preservatives {e.g., methyl or
propyl-p- hydroxybenzoates or sorbic acid). The preparations may also contain buffer
salts, flavoring, coloring, and sweetening agents as appropriate. Preparations for oral
administration may be suitably formulated for siow release, controlled release, or

sustained release of a prophylactic or therapeutic agent(s).

The method of the invention may comprise pulmoenary admimstration, e.g., by use
of an inhaler or nebulizer, of & composition formuleted with an acrosclizing agent. Sce,
e.., US. Pat. Nos. 6,019,968: 53.985.320; 5,985 309; 3.934.272 5, 874.064: 5,855,918
5.290,540; and 4.880.07%; and PCT Publication Nos, W( 92/19244; WO $732572, WO
G7/44013: WO 08/31346; and WO 99/66903. In a specific embodiment. an antibody of
the invention, combination therapy, and/or composition of the invention is administered
using Alkermes AIR®: pulmonary drug delivery technology {Alkermes. Inc., Cambndge,

Mauss, ).

The method of the invention mav comprise administration of a composition
formutated for parenteral administration by injection {e.g.. by bolus injection or

comtinuous infusion). Formufations for injection may be presented in unit dosage form
{e.g.. 1 ampoules or in multi-dose containers) with an added preservative. The
compositions may take such forms as suspenstons, sotutions or emulsions in oily or
aqueous vehicles, and may contain formulatory agents such as suspending, stabifizing
and/or dispersing agents. Alternatively, the active ingredient may be in powder form for

constitution with a suitable vehicle (e.g.. sterile pyrogen-free water) before use.

The methods of the invention may additionally comprise administration of
compositions formulated as depot preparations. Such loag actng formulations may be
administered by implantation (e.g.. subcutaneously or intramuscularly) or by
intramuscular injection. Thus, for example, the compositions may be formulated with
suttable polvmeric or hydrophobic materials {c.g., as an emulsion in an acceptable oil) or

jon exchange resing, or as sparingly soluble derivatives (e.g.. as a sparingly soluble salt).

89
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The methods of the invention encompass administration of compositions
formutated as neutral or salt forms. Pharmaceutically acceptable salts inciude those
formed with anions such as those derived from hydrochloric, phosphoric, acetic, oxalic,
tartaric acids, cic., and those formed with cations such as those derived from sodium,
potassium, ammonium, calcium, ferric hydroxides. isopropylamine, triethylamine, 2-

ethylammo ethanol, histidine, procaine, eic.

Generally, the ingredients of compositions are supphied cither separately or mixed
together in unit dosage form, for example, as a dry lvophilized powder or water free
concentrate in a hermetically scaled container such as an ampoule or sachette indicating
the quantity of active agent. Where the mode of administration is infusion, composition
can be dispensed with an infusion bottle containing sterile pharmacentical grade water or
saline. Where the mode of administration is by injection, an ampoule of sterile water for
injection or saline can be provided so that the ingredients may be mixed prior 1o

adminisiration.

In particular, the invention also provides that one or more of the prophylactic or
therapeutic agents, or pharmaceutical compositions of the invention is packaged m a
hermetically seated container such as an ampoule or sachetie indicating the guantity of the
agent. In one embodiment, one or more of the prophylactic or therapeutic agents, or
pharmaceutical compositions of the invention is supplied as a dry sterilized Jyophihized
powder or water free concentrate in & hermetically sealed comtainer and can be
reconstituted (e.g., with water or saline) 1o the appropriate concentration for
administration to & subject. Preferably, one ar more of the prophyiactic or therapeutic
agents or pharmaceutical compositions of the invention is supplied as a dry sterile
tvophilized powder in 2 hermetically sealed container at 2 unit dosage of at least 5 mg,
more preferably at least 10 mg, at least 15 myg, at Jeast 25 me, at least 35 mg, at least 45
mg, at least 50 mg, at least 75 mg, or at least 100 mg. The lyophilized prophylactic or
therapeutic agents or pharmaceutical compositions of the invention should be stored at
hetween 2° C and §° C in s original container and the prophyviactic or therapeutic agents,
or pharmaceutical compositions of the invention shouid be administered within 1 week,
preferably within 5 dayvs, within 72 hours, within 48 hours, within 24 hours, within 12
hours, within & hours, within 5 hours, within 3 hours, or within 1 hour after being

reconstituted. In an aliernative embodiment. (ne or more of the prophvlactic or
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therapeutic agents or pharmaceutical compositions of the invention is supplied in Hiquid
form in a hermetically sealed container indicating the quantity and concemration of the
agent. Preferably, the liquid form of the administered composition 1s supplied in a
hermetically scaled container at least (.25 mg/mi, more preferably ot least 0.5 mg/mi, at
jeast | mg/mi, at Jeast 2.5 mg/mi, at least 5 mg/ml, at Jeast 8 me/mi, e least 10 mg/mi, a1
least 15 mefkg, at Jeast 25 mg/ml. at least 50 mg/mtb, atleast 75 mg/mi or at least 100
me/ml. The liquid form should be stored at between 2° C and 8° C in its onginal

container.

The antibodies and antibody-pertions of the invention can be incorporated into a
pharmaceutical composition suitable for parenteral administration. Preferabty, the
antibody or antibedy-portions will be prepared as an injectable solution containing 0.1~
250 me/m! antibody. The injectable solution can be composed of either 2 liquid or
tyophilized dosage form in a flint or amber vial, ampuie or pre-filied syringe. The buffer
can be L-histidine (1-30 mM). optimally 5-10mM, at pH 5.0 10 7.0 (optimally pH 6.0).
Other suitable buffers include but are not limited to, sodium succinate, sodium citrate,
sodium phosphate or potassium phosphate. Sodium chloride can be used 10 modify the
toxicity of the solution af a concentration of 0-300 mM ( optimally 150 mM for a hiquid
dosage form}. Cryoprotectanis can be included for a Ivophilized dosage form, principally
0-10% sucrose {optimally 0.5-1.0%). Other surteble cryoprotectants include trehalose
and lactose. Bulking agems can be included for & lyophilized dosage form, principally 1-
10% mannitol (optimally 2-4%). Stabilizers can be used in both hiquid and Iyophilized
dosage forms, principaily 1-50 mM L-Methionine (opumally 5-10 mM ). Other suitable
bulking agents include glvcine, arginine, can be included as 0-0.03% potysorbate-80
{optimally 0.005-0.01%5). Additional surfactants include but are not limsted to
polysorbate 20 and BRIJ surfactants. The pharmaceutical composition comprising the
antibodies and antibody-portions of the invention prepared as an injectable solution for
parenteral administration, can further comprise an agent useful as an adjuwvant, such as
those used 1o increase the absorption, or dispersion of a therapeutic protein (e.g..
antibody). A particularly useful adjuvant is hyaluromdase, such as Hylenext
(recombinant human hvaluronidase). Addition of hyaluronidase in the injectable sohution
improves human bioavailability following parenteral administration, particularly

cubcutaneous administration. 1t also aliows for greater injection site volumes (l.e.. greater
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than 1 mi) with less pain and discomfort, and minimum incidence of injection site

reactions (see WO2004078140 and US2006104968),

The compositions of this invention may be in & vanety of forms. These include,
for example, hguid, semi-solid and solid dosage forms, such as Hauid soletions (e.g.,
injectable and infusible solutions), dispersions or suspensions, tabiets, pills, powders,
liposomes and suppositories. The preferred form depends on the intended mode of
administration and therapeutic epplication. Typical preferred compositions are in the
form of injectabie or infasible solutions, such as compositions similar 1o those used for
passive immunization of humans with other antibodies. The preferred mode of
administration is parenteral {e.g., intravenous, subcutaneous, intraperitoneal,
intramuscular). In a preferred embodiment, the antibedy is administered by intravenous
infusion or injection. In another preferred embodiment, the antibody is administered by

intramuscular or subcutaneous injection.

Therapeutic compositions typically must be sterile and swble under the condimons
of manufacrure and storage. The composition can be formulated as a solution,
microemulsion, dispersion, liposome, or other ordered structure suitable to high drug
concentration. Sterile injectabie solutions can be prepared by incorporating the active
compound (i.e., antibody or antibody portion) in the required amount in an appropriate
solvent with one or a combination of ingredients enumerated above, as required, followed
by filtered sterilization. Generally, dispersions are prepared by incorporating the active
compound into a sterife vehicle that contains a basic dispersion medium and the required
other ingredicnts from those enumerated above. In the case of sterile, lyophilized powders
for the preparation of sterile injectable solutions, the preferred methods of preparation are
vacuum drving and spray-drying that yields a powder of the active ingredient plus any
additional desired ingredient from & previousty sterile-filtered solution thereof. The proper
fuidity of a solution can be maimained, for example, by the use of a coating such as
jecithin, by the maintenance of the required particle size in the case of dispersion and by
the use of surfactants. Prolonged absorption of injectable compositions can be brought
about by including in the composition an agent that delays absorption, for example,

monosiearate salis and gelatin.
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The antibodies and amtibody-portiens of the present mventon can be administered
by & variety of methods known in the art, although for many therapeutic applications, the
preferred route/mode of administration is subcutaneous injection, INravVenous miccton or
infusion. As will he appreciated by the skilled artisan, the route and/or mode of
administration will vary depending upon the desired resulis, In cenain embodiments, the
active compound may be prepared with & carrier that will protect the compound against
rapid release, such as a controlled release formulation, meluding implants, transdermal
patches, and microencapsulated delivery systems. Biodegradable, biocompatible polymers
can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen,
polvorthoesters, and polylactic acid. Many methods for the preparation of such
formulations are patented or generally known 1o those skilled in the art. See, e.g..
Sustained and Conrrolled Release Drug Delivery Svstems, LR, Robinson, ed., Marcel

Dekker, Inc., New York, 1978,

Tn certain embodiments, an antibody or anmtibody portion of the invention may be
orally administered, for exemple, with an inert diluent or an assimilable edible carrier.
The compound (and other ingredients, if desired) may also be enclosed in 2 hard or soft
shell gelatin capsule, compressed inte tablets, or mcorporated directly inte the subject's
diet. For oral therapeutic administration, the compounds may be incorporated with
excipients and used in the form of ingestible tablets, buccal wblets, rroches. capsules,
elixirs, suspensions, syrups, wafers, and the like. To administer a compound of the
invention by other than parenteral administration. 1f may be necessary (o coat the
compound with, or co-administer the compound with, 2 material 1o prevent ns

fnactivanon.

Supplementary active compounds can zlso be mcorporated into the compositions,
In certain embodiments, an antibody or antibody portion of the invention s coformulated
with and/or coadministered with one or more additional therapeufic agents that are useful
for trzating disorders in which PGE, activity 18 detrimental. For cxample, an ant-PGE,
antibody or anttbody portion of the mvention may be coformulated and/or coadministered
with one or more additional antibodies that bind other targets (e.2., antibodies that bind
other cytokines or that bind cell surface melecules), Furthermore, one or more antibodies
of the invention may be used in combination with two or more of the foregoing

therapeutic agents. Such combination therapies may advantageously utihize Jower



dosages of the administered therapeutic agents, thus avoiding possible toxicities or

complications associated with the varicus monotherapies.

In certain embodiments, an antbody © PGE, or fragment thereo! 18 inked to 2

half-life extending vehicle known in the art, Such vehicles include, but are not himited

tre

to, the Fo domain, polyethylene glyeol, and dextran. Such vehicles are described, e.g., in
LS. Application Serial No. (097428082 and published PCT Application No. WO
69/25044.

In a specific embodiment, nucleic acid sequences comprising nucleotide sequences
encoding an antibody of the invention or another prophytactic or therapeutic agent of the
16 invention are adminisiered to treat, provent, manage, or ameliorate a disorder or one or
more sympioms thereof by way of gepe therapy, Gene therapy refers to therapy
performed by the administration w a subject of an expressed or expressible nucleic acid.
In this embodiment of the invention, the nucleic acids produce their encoeded antibody or

prophvlactic or therapeutic agent of the invemion that mediates a prophylactic or

L0

therapeutic effect.

Any of the methods for gene therapy available in the art can be used according w0

the present invention. For general reviews of the methods of gene therapy, see Goldspiel
et 2l 1993 Chinical Pharmacy 12:488-505; Wu and Wu. 199!, Biotherapy 3:87-95;
Tolstoshev, 1993, Ann. Rev. Pharmacol. Toxcol. 32:573-596; Mulligan, Saence

26 260:926- 932 (1993} and Morgan and Anderson, 1993, Ann. Rev. Bicchem. 62:191-217
May, 1993, TIBTECH 11(5):135-215. Methods commonly known m the art of
recombinant DNA technology which can be used are described in Ausubel et al (eds.),
Current Protocols in Molecular Biology, John Wiley &Sons, NY (1993); and Kriegler,

Gene Transfer and BExpression, A Laborstory Manual, Stockton Press, NY (16901,
p 3 :

[ =)
LA

Detailed descriptions of various methods of gene therapy are disclosed

US20050042664 Al

in another aspect, this apphication fearures & method of treating (e.g.. curing,
suppressing, ameliorating. delaying or preventing the onset of, or preventing recurrence
or relapse of) or preventing & PGEx-associated disorder, in a subject. The method
3¢ includes: administering to the subject a PGE, binding agent (particularly an antagonist).

¢.g., an anti- PGE, antibody or fragment thereof as described herein, i an amount
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sufficient 1o treat or prevent the PGEs-assocrated disorder. The PGE, antagonist, c.g., the

anti- PGE, antibody or fragment thereof, can be administered to the subject, alone or in

combination with other therapeutic modalities as described herein.

The invention provides methods for the treatment of nflammatory disorders and
disorders of immunity in a subject, which disorders are characterised by excessive
PGE,biosynthesis. which methods comprise administering to the subject an effective
amount of & aniibody specific w PGE;. Disorders that may be treated by the method
according to the invention include autoimmune and inflammatory discases and tumors 1n
which excessive PGE, synthesis has been implicated. Such disorders include: (a)
rheumatoid and allergic arthritis; (b) certain illnesses induced by viruses, such as Guiliain
Barre svadrome, infectious mononucteosis, other viral Iymphadenopathics and infections
with herpes virus: {¢) muitiple sclerosis and other demvelinating diseases: (d)
hematotogical disorders, such as hemolvtic anemias and thrombocytopenias; (e}
endocrinologic disorders, such as diabetes mellitus, Addison's disease, 1diopathic
yypoparathyroidism and chronic fymphocyuc thyroiditis; (f) collagen disorders, such as
systemic lupus ervthematosus; and (g) disorders of reproduction such as amenorhocs,
inferiility, recurrent abortions and eclampsia; and (b} tumors such as headneck wmor,
lung cancer, gastric cancer, prostale cancer, pancreatic cancer, eic., and () inflammatory
and/or autoimmune conditions of the skin, gastrointestinal organs (e.g

nflammatory
bowel diseases (IBD), such as ulcerative colitis andior Crohn's discase); and (i) pain
related with ostecarthritis and other disorders; and (k) ocular disorders such as age-
refated mascular degeneration (AMD). Accordingly, the disclosure incluges the use of &
PGE, binding agent (such as an anti- PGE; antibody or fragment thereof described

herein) for a treatment described herein and the use of @ PGE; binding agent (such as an
anti- PGE, antibody or fragment thereof described herein) for preparing & medicament for

a treatment desenbed herein.

Examples of PGE.-associated disorders mnchude, but are not limited to, a disorder

selected from the group consisting of arthritis, rheumatowd arthritls, ostecarthriss,

juvenile chronic arthritis, septic arthrins, Lyme arthritis, psoriatic arthritis, reactive

arthritis, spondyloarthropathy, systemic lupus erythematosus, Crohn's disease, ulcerative
colitis. inflammatory bowel disease, insulin dependent diabetes mellitus, thyroiditis,

asthma, allergic diseases, psoriasis, dermatitis scleroderma, atopic dermatitis, graft versus
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host disease, organ transplant rejection, acute or chronic immune discase associated with
organ transplantation, sarcoidosis, atherosclerosts, disseminated intravascular
coagulation, Kawasaki's discase, Grave's discase, nephrotic syndrome, chronic fatigue
syndrome, Wegener's granulomatosis, Henoch-Schoenlein purpurea, microscopic
vasculitic of the kidneys, chronic active hepatitis, uveitis, septic shock, toxic shock
syndrome, sepsis syndrome, cachexia, infectious discases, parasitic discases, acquired
imrmunodeficiency syndrome, acute wansverse myelits, Huntington's chorea, Parkinson's
discase, Alzheimer's disease, stroke, primary biliary cirrhosis, hemolytic anemia,
malignancies, heart failure, myocardial infarction, Addison's disease, sporadic,
polyglanduiar deficiency type | and polyglandular deficiency type I Schmidt's
syndrome, adult (acute) respiratory distress syndrome, alopecia, alopecia arcata,
seronegative arthopathy, arthropathy, Reiter's disease, psoriatic arthropathy, ulcerative
colitic arthropathy, enteropathic synovitis, chlamydia, versinia and salmonella agsociated
arthropathy, spondyloarthopathy, atheromatous disease/arteriosclerosis, atopic alicrgy,
autoimmune bullous disease, pemphigus valgaris, pemphigus foliaceus, pemphigoid,
linear IgA discase, autoimmune haemolvtic anaemia, Coombs positive haemolytic
anaemiz, acquired pernicious anaemia, juvenile pernicious anaemia, myvalgic
encephalitis/Roval Free Discase, chronic mucocutaneous candidiasis, giant cell arterius,
primary sclerosing hepatitis, cryptogenic autoimmune hepatts, Acquired
immunodeficiency Discase Syndrome. Acquired Immunodeficiency Related Discases,
Hepatitis B. Hepatitis C, common vaned imrmanodeficiency (common variable
hypogammaglobulinacmia), dilated cardiomyopathy. female infertility, ovarian fatlure,
premature ovarian failure, fibrotic lung disease, cryptogenic fibrosing alveolins, post-
inflammatory interstitial lung disease, interstitial pneumonitis, connective tssue discase
associated interstitial jung disease, mixed comnective tissue disease associated hang
disease, systemic sclerosis associated interstitial lung discase, rheumatoid arthritis
associated interstitial lung disease, systemic lupus ervihematosus associated lung disease,
dermatormyositis/polymyositis associated hung disease, Sjdgren’s discase associated lung
disease, ankylosing spondyiitis associated lung disease, vasculitic diffuse lung disease,
hacmosiderosis assoctated Jung disease, drug-induced interstitial lung disease, fibrosis.
radiation fibrosis, broachiolitis obliterans, chronic eosinephilic pneumonia, tymphotytic
infiltrative lung disease, postinfectious interstitial lung disease, gouty arthrius,

autoimmune hepatitis, type-1 autoimmunce hepatitis (classical autoimmune or lupoid

96
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hepatitis), type-2 autoimmune hepatitis (anti-LKM antibody hepatitis), autoimmune
mediated hypoglycaemia, type B insulin resistance with acanthosis nigricans,
hypoparathyroidism, acute immune discase associated with organ transplantation. chronic
immmune disease associated with organ transplantation, osteoarthrosis, primary sclerosmg
cholangitis, psoriasis type 1, psoriasis type 2, idiopathic leucopacnia, autoimmune
eutropaenia, renal disease NOS, glomeralonephritides, microscopic vasulitis of the
kidneys, lyme disease, discoid lupus erythematosus, male infertility idiopathic or NOS,
sperm autoimmunity, multiple sclerosis (ail subtypes), svmpathetic ophthalmia.
pulmonary hyperiension secondary 1o connective tissue disease, Goodpasture’s syndrome,
puimonary manifestation of polyarteritis nodosa, acute rheumatic fever, rheumatoid
spondyiitis, Still's discase, systemic sclerosis, Sjbreren's syndrome, Takayvasu's
discase/arieritis, autoimmune thrombocytopaenia, idiopathic thrombocytopaenia,
autoimmune thyvroid disease, hyperthyroidism, goitrous autcimmune hypothyrordism
(Hashimoto's disease), atrophic autimmune bypothyroidism, primary myxocdema.
phacogenic uveitis, primary vasculitis, vitiligo acute hver disease, chronic Hver diseases,
alcoholic cirthosis, alcohol-induced Biver injury, choleosatatis, wdiosyncratic fiver disease,
Drug-Induced hepatitis, Non-alcoholic Steatohepatitis, allergy and asthma, group B
streptococei (GBS) infection, mental disorders {e.g., depression and schizophrenia), Th2
Type and Thi Type mediated diseases, acute and chronic pain (different forms of pain),
and cancers such as Jung, breast, stomach, bladder, colon, pancreas, ovarian, prostate and
rectal cancer and hematopoietic malignancies {leukemis and lvmphomay,
Abetalipoprotemia, Acrocyanosis, acute and chronic parasitic or infectious processes,
acute leukemia, acute lvmphoblastic leukemia (ALLY, acute myeloid leukemia (AML),
acute or chronic bacterial infection, acute pancreatitis, acute renal failure,
adenocarcinomas, acrial ectopic beats, AIDS dementia complex, alcobol-induced
hepatitis, ailergic conjunctivitis, allergic contact dermatitis, allergic rhinits, allografi
rejection, alpha-1- amitrypsin deficiency, amyotophic lateral sclerosis, anemia, angina
ectoris, anterior horn cell degeneration, anti ¢d3 therapy, antiphospholipid syndrome,
anti-receptor hypersensitivity reactions, aordic and peripheral aneuryisms, aortic
dissection, arterial hypertensiotn, arteriosclerosis, arteriovenous fistula, ataxia, atrial
fibrillation {sustained or paroxysmal), atrial flutter, atrioventricular block, B eell
Jvmphoma, bone graft rejection, bone marrow wansplant (BMT) rejection, bundle branch

block. Burkit's lymphoma, Burns, cardiac arrbythmias, cardiac stun syndrome, cardiac
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wmors, cardiomyopathy, cardiopulmonary bypass inflammation response, cartilage
transplant rejection, cerebellar cortical degenerations, cerebellar disorders, chaotic or
multifocal atrial tachyeardia. chemotherapy assoctated disorders, chromic myclogytic
leukermie (CMLY, chronic alcoholism, chronic inflammatory pathologies, chronic
lymphocytic leukemia (CLL), chronic obstructive pulmonary disease { COPD), chronic
salicylate intoxication, colorectal carcinoma, congestive heart failure, conjunctivits,
contact dermatitis, cor pulmonale, coronary arery disease, Creutzieldi-Jakob disease,
culture negative sepsis, cystic fibrosis, cytokine therapy associated disorders, Dementia
pugilistica, demyelinating diseases, dengue hemorhagic fever, dermatitis, dermatologic
conditions, diabates, diabetes mellitus, diabetic ateriosclerotic disease, Diffuse Lewy
body discase, dilated congestive cardiomyopathy, disorders of the basal ganglia, Down's
Syndrome in middle age, drug- induced movement disorders induced by drugs which
block CNS dopamine receptors, drug sensitivity, eczema, encephalomyeiits,
endocarditis, endocrinopathy, cpiglotutis, epstein-barr virus infection, ervthromelalgia,
extrapvramidal and cerebellar disorders, familial hematephagocytic ymphohistiocytosis,
fetal thymus implant rejection, Friedreich's ataxia, functional peripheral artenal disorders,
fungal sepsis, gas vangrene, gastric ulcer, glomerular nephritis, graft rejection of any
organ or tissue, gram negative sepsis, gram positive sepsis, granulomas due 10
intracellular organisms, hairy cell leukemia, Hallerrorden-Spatz disease, hashimoio's
thvroiditis, hay fever, heart transplant rejection, hemachromatosis, hemodialysis,
hemolvtic uremic syndrome/thromboivtic thrombocytopenic purpura, hemorrhage,
hepatitis (A), His bundle arrythmias, HIV infection/HTV neuropathy, Hodgkin's disease,
hyperkinetic movement disorders, hypersensitity reactions, hypersensitivity preumonitis,
hyperiension, hypokinetic movement disorders, hypothalamic-pituitary-adrenal axis
evaluation. idiopathic Addison's disease. idiopathic pulmonary fibrosis, antibody
mediated cytotoxicity, Asthenia, infantile spinal muscular arrophy, inflammation of the
aoria, influenza a, fonizing radiation exposure, iridocvelitis/uveltis/optic neuritis,
ischeria- reperfusion injury, ischemic stroke, juvenile rheumatoid arthnus. juvenile
spinal muscular atrophy, Kapost's sarcoma. kidney transplant rejection, legionella,
leishmaniasis, leprosy, lesions of the corticospinal systemn, lipedema, liver transplant
rejection, lvmphederme. malaria, malignamt Lymphoma, malignant histiocytosis,
malignant melanoma, meningitis, meningocaccemia, metabolic/idiopathic, migraine

headache, mitochondrial multisystem disorder, mixed connective tissue disease,
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monoclonal gammopathy, muliiple myeloma, multiple svstems degenerations (Mencel
Dejerine- Thomas Shi-Drager and Machado-Joseph), myasthenia gravis, mycobacterium
avium intracellulare, mycobacterium tberculosis, myelodyplastic syndrome, myocardial
infarction, mvocardial ischemic disorders, nasopharyngeal carcinome, neonatal chromic
tung discase, nephritis, nephrosis, ncurodegencrative diseases, neurogenic 1 muscular
atrophies . neutropenic fever, non- hodgkins lymphoma, coclusion of the abdominal aorta
and its branches, occulsive arterial disorders, okt3 therapy. orchitis/epidydimitis,
orchitis/vasectomy reversal procedures, organomegaly, 0St20porosis. pancreas transplant
rejection, pancreatic carcinoma, paranecplastic syndrome/hypercalcemia of malignancy,
parathyroid transplant rejection, peivic inflammatory disease, perennial rhanrtis,
pericardial disease, peripheral atherlosclerotic discase, peripheral vascular disorders,
peritonitis, pernicious anemia, pReWnNOCYsUs carinii pneumonia, pneumonia, POEMS
syndrome (polyneuropathy, organomegaly, endocrinopathy, moncclonal gammopathy,
and skin changes syndrome), post perfusion svndrome, post pump syndrome, post-Ml1
cardiotomy syndrome, preeclampsia, Progressive supranuciec Palsy, primary pulmonary
hypertension, radiation therapy, Raynaud's phenomenon and disease, Raynoud's disease,
Refsum's disease, regular narrow QRS tachvcardia, renovascular hypertension,
reperfusion infury, restrictive cardiomyopathy, $arcomas, scleroderma. sentle chores,
Senile Dementia of Lewy body type. seronegative arthropathies, shock, sickle cell
anemia, skin aliografi rejection, skin changes syndrome. small bowel ransplant rejection,
solid tumors, specific arrythmias, spinal ataxia, spinocerebellar degenerations,
streptococeal myositis, structural lesions of the cerebellum, Subacute sclerosing
panencephatitis, Syncope, syphilis of the cardiovascular system, systemic anaphalaxis,
systemic inflammatory response syndrome, systemic onset juvenile sheumatod arthritis,
T-cell or FAR ALL, Telangiectasia, thromboangits obliterans, thrombocytopenia,
toxicity, transplants, trauma/hernorrhage, type I hypersensitvity reactions. tpe IV
hypersensitivity, unstable angina, uremia, urosepsis, urticaria, valvular heart diseases,
varicose vemns, ,vasculitis, venous discases, venous thrombosis, ventricutar fibrillation,
viral and fungal infecrions. vital encephalitis/aseptic meningits. vital-associated
hemaphagocytic syndrome, Wernicke- Korsakoff syndrome, Wilson's disease, xenograft
rejection of any organ or issue, Acute coronary syndromes, Acute Tdiepathic
Polvneuritis, Acute Inflammatory Demyelinatng Polyradiculoneuropathy. Acute

ischemia, Adult Still's Disease, Alopecia arcata, Anaphylaxis, Anti-Phospholipid
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Anfibody Syndrome, Aplastic anemia, Arteriosclerosis, Atopic eczema, Atopic
dermatitis, Autoimmune dermatitis, Autoimmune disorder associated with Streptococcus
infoction, Autoimmmune Enteropathy, Autoimmune hearmgloss, Avteimmune
Lymphoproliferative Syndrome (ALPS), Autcimmune myocarditis, Autoimmune
premature ovarian faihire, Blepharitis, Bronchiectasis, Bullous pemphigoid,
Cardiovascular Disease, Catastrophic Antiphospholipid Syndrome, Celizc Disease,
ervical Spondylosis, Chronic ischemia, Cicatricial pemphigoid, Clinically isolated
Syndrome (CIS) with Risk for Multiple Sclerosis, Conjunctivitis, Childhood Onset
Psychiatric Disorder, Chronic obstractive pulmonary disease (COPD), Dacryocystitis,
ermatomyositis, Diabetic retinopathy, Diabetes mellitus, Disk herniation, Disk prolaps,
Drug induced immune hemaolytic anemia, Endocarditis, Endometriosis, endophthalmitis,
Episcleritis, Erythema multiforme, erythema multiforme major, Gestational pemphigoid,
Guillzin-Bamé Syndrome (GBS}, Hay Fever, Hughes Syndrome |, Idiopathic Parlanson’s
Discase, idiopathic interstitial pneumonia, 1gE-mediated Allergy, lmmune hemolytic
anemia, Inclusion Body Myositis, Infectious ocular inflammatory discase , Inflammatory
demyelinating disease, Inflammatory heart disease, Inflammatory kidney disease,
IPF/UIP, Iritis, Keratitis, Keratojuntivitis sicca, Kussmaul discase or Kussmaul-Meier
Disease, Landrv's Paralysis, Langerhan's Cell Histiocytosis, Livedo reticulans, Macular
Degeneration, Microscopic Polvangiitis, Morbus Bechterev, Motor Neuron Disorders,
Mucous membrane pemphigoid | Multiple Grpan failure, Myasthenia Gravis,
Mvelodysplastic Syndrome, Myocarditis. Nerve Root Disorders, Neuropathy, Non-A
Non-B Hepatitis, Optic Neuritis, Osteolysis, Pauciarticular JRA | peripheral artery
cclusive disease (PAOD), peripheral vascular disease (PVD), peripheral artery disease
(PAD), Phiebitis, Polvarteritis nodosa (or periarteritis nodosa), Polychondritis,
Polymyalgia Rheumatica, Poliosis, Polvarticular JRA, Polyendocrine Deficiency
Svadrome, Polymyositis, polymyalgia rhcumatica (PMR), Post-Pump Syndrome, primary
parkinsonism, Proswatitis, Pure red cell aplasia. Primary Adrenal Insufficiency, Recurrent
Neuromyelitis Optice, Restenosis, Rheumatic heart disease, SAPHG (svnovitis, acne,
pustulosis, hyperostosis, and osteitis), Scleroderma, Secondary Amyvicidosis, Shock tung,
Scieritis, Sciatice, Secondary Adrenal Insufficiency, Silicone associated conpective tissue
disense, Speddon-Witkinson Dermatosis, spondilitis ankvlosans, Stevens-Johnson
Svndrome (SIS}, Systemic inflammatory response syndrome, Temporal arterius,

toxoplasmic retinitis, toxic epidermal necrolysis, Transverse myelitis, TRAPS {Tumor
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Necrosis Factor Receptor, Type | allergic reaction, Type Il Diabetes, Urticaria, Usual
interstitial pneurnonia (UTP), Vasculitis, Vernal conjunctivitis, viral retimitis, Vogt-
Kovanagi-Harada syndrome (VKH syndrome), Wet macular degeneration, and Wound

healing.

In another aspect, the binding proteins of the invention are useful for treating &
disorder selected from the group consisting of Acute Lymphoblastic Leukemia, Acute
Myeloid Leukemia, Adrenccortical Carcinoma, Anal Cancer, Appendix Cancer,

erebeflar Asirocytoma, Cerebral Astrocytoma, Basal Cell Carcinoma, Bile Duct Cancer,
Extrahepatic, Bladder Cancer. Bone Cancer, Osteosarcoma/Malienant Fibrous
Histocytoma Brain Stem Glioma, Brain Tumor, Brain Stem Ghioma, Cerebral
strocyioma/Malignant Glioma, Ependymoma, Medulloblastoma, Supratentorial Primitive
Neuroectodermal Tumors, Visual Pathway and Hypothalamic Glioma, Breast Cancer,
Branchial Adenomas/Carcinaids, Carcinoid Tumor, Carcinold Tumor, Gastromntestinal
Carcinoma of Unknown Primary, Central Nervous System Lymphoma, Primary
Cerebellar Astrocyioma, Cervical Cancer, Chronic Lym hocytic Leukemia, Chronic
Myelogenous Leukemia Chronic Myeloproliferatve Disorders, Colon Cancer, Colorectal
Cancer, Cutaneous T-Cell Lymphoma,, Endometrial Cancer, Ependymorma, Esophageal
Cancer, Ewing Family of Tumors, Extracranial Germ Cell Tumor, Extragonadal Germ
Cell Tumor, Extrahepatic Bile Duct Cancer, Eye Cancer, Intraccular Melanoms
Retinoblastoma, Gallbladder Cancer, Gastric (Stomach) Cancer, Gastroinestinal

N

Carcinoid Tumor, Gastrointesting! Stromal Tumor (GIST), Extracranial Germ Cell
Tumor. Extragonadal Germ Cell Tumor, Ovarian Gerrn Cell Tumor, Gestatonal
Trophoblastic Tumor, Glioma, Brain Stem Glioma, Cerebral Astrocviome Glioma,
Childhood Visual Pathway and Hypothalamic Glioma, Hairy Cell Leukemia, Head and
Neck Cancer, Hepatocellular (Liver) Cancer, Hodgkin Lymphoma, FHypopharvngeal
Cancer. Intraocular Melanoma, islet Cell Carcinoma {Endocrine Pancreas), Kaposi
Sarcoma, Kidney (Renal Celly Cancer, Laryngeal Cancer, Acute Lymphoblastic
Leukemiz, Acute Mveloid Leukemia, Chronic Lymphocytic Leukemia, Chromnic
Myelogenous Leukemia, Hairy Cell Leukemia, Lip and Oral Cavity Cancer, Liver
Cancer, Non-Small Cell Lung Cancer, Smali Cell Lung Cancer, AIDS-Related
Lymphoma, Burkit Lymphoma, Cutaneous T-Cell Lymphoma, Hodgkin Lymphoma,

Non-Hodgkin Lymphoma, Primary Central Nervous System Lymphoma, Waldenstronm
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Macroglobulingmia, Maligrant Fibrous Histiocytoma of Bone/Osteosarcoma,
Medulioblastoma, Melanoma, Intraocular (Eve) Melanoma, Merkel Cell Carcinoma,
Malignant Mesothelioma, Metastatic Squamous Neck Cancer with Occult Primary,
Mouth Cancer, Multiple Endocrine Neoplagia Svndrome, Multiple Myeloma/Plasma Cell
Neoplasm, Mycosis Fungoides, Myclodysplastic Syndromes, Myelodysplastic/
Myeloproliferative Diseases, Myelogenous Leukemia, Chronic Myeloid Leukemia,
Multiple Myeloma, Myeloproliferative Disorders, Nasal Cavity and Paranasal Sinus
Cancer, Nasopharyngeal Cancer, Neuroblastoma, Oral Cancer, Oral Cavity Cancer, Lip
and Oropharvneeal Cancer, Osteosarcoma/Malignant Fibrous Histiocytoma of Bone,
Ovarian Cancer, Ovarian Eprthelial Cancer, Ovarian Germ Cell Tumor, Ovarian Low
Malignant Potential Tumor, Pancreatic Cancer, Islet Cell Pancreatic Cancer, Paranasal
Sinus and Nasal Cavity Cancer, Parathyroid Cancer. Peniie Cancer, Pharyngeal Cancer,
Pheochromocyvtoma, Pinecblastoma and Supratentorial Primitive Neuroectodermal
Tumors, Pituitary Tumor, Plasma Cell Neoplasny/Muluple Myelema, Pleuropulmonary
Biastoma, Prostate Cancer, Rectal Cancer, Renal Cell (Kadney) Cancer, Renal Pelvis and
Ureter, Transitional Cell Cancer, Retinoblastoma, Salivary Gland Cancer, Sarcoma,
Ewing Family of Tumors, Kaposi Sarcoma, Soft Tissue Sarcoma, Uterine Sarcoma,
Sézary Syndrome, Skin Cancer {Nonmetanomaj, Skin Cancer (Melanomaj, Merkel Cell
Skin Carcinoma, Smali Iniestine Cancer, Squamous Cell Carcinoma, Metastatic
Squamocus Neck Cancer with Occult Primary, Stomach (Gastric) Cancer, Supratentorial
Primitive Neurcectodermal Tumors, Cutaneous T-Cell Lymphoma, Testcular Cancer,
Throat Cancer, Thymoma, Thymoma and Thymae Carcinoma, Thyroid Cancer,
Transitiona! Cell Cancer of the Renal Pelvis and Ureter. Gestational Trophoblastic
Tumor, Lireier and Renal Pelvis, Transitional Cel Cancer, Urethral Cancer, Uterne
Cancer. Endometrial Uterine Sarcoma, Vaginal Cancer, Visual Pathway and
Hypothalamic Glioma, Vulbvar Cancer, Waldenstrdbm Macroglobulinemia, and Wilms

Tumor.

In another agpeet, the invention provides & method for detecting the presence of
PGE; in a sample in vitre (e.g., a biological sample, such as serum, plasma, tissue,
miopsy). The subject method can be used to diagnose a disorder, ¢.g., an immune cell-
associated diserder. The method includes: (1) contacting the sample or a control sampie

with the anti- PGE, antibody or fragment thereef as deseribed herein; and (ii) detecting
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formation of a complex between the anti- PGE; antibody or fragment thereof, and the
sample or the control sample, wherein a statistically significant change in the formarion
of the complex in the sample relative to the control sample is indicative of the presence of

the PGE; in the sample.

in yet another aspect, this application provides a method for detecting the
presence of PGE; in vive (e.g., in vivo imaging in 2 subject}. The subject method can be
used 10 diagnose a disorder, e.g.. a PGEy- associated disorder. The method includes: (1)
administering the anti- PGE, antibody or fragment thereof as described herein 1o 2 subject
or a conorol subject under conditions that allow binding of the antibody or fragment to
PGE,; and (ii) detecting formation of # complex between the antibody or fragment and
PGE,, wherein # statistically significant change in the formation of the complex in the

subject relative to the control subject is indicative of the presence of PGEs.

Antibodies of the invention, or antigen binding portions thereof, can be used alone
or in combination to treat such diseases. It should be understood that the antibodies of
the invention or antigen binding portion thereof can be used alone or in combination with
an additional agent, e.g., a therapeutic agent, the additional agent being selected by the
skilled artisan for its intended purpose. For example, the additional agent can be a
therapeutic zuent art-recognized as being useful to trear the disease or condition being
treated by the antibody of the present invention. The additional agent also can be an
agent that imparts a beneficial atribute w0 the therapeutic composition, e.¢., an agent that

affects the viscosity of the composiion,

It should further be understood that the combinations that are to be cluded
within this invention are those combinations useful for their intended purpose. The
agems set forth below are ifustrative for purposes and not intended to be limited. The
combinations, which are part of this invention, can be the antibodies of the present
invention and at icast onc additional agent selected from the bists below. The
combination can also include more than one additional agent, e.g., two or three additional
agents if the combination is such that the formed composition can perform its intended

function.

The combination therapy can include one or more PGE, antagomstq, e.g., anti-
- o o

PGE, antibodies or fragments thereof, coformulated with, and/or coadministered with,
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one or more additional therapeutic agents, e.g., one or more cytokine and growth factor
inhibitors, immunosuppressants, anti- inflammatory agents (e.g., systemic anti-
inflammatory agents), anti-fibrotic agents, metabolic inhibitors, enzyme inhibitors, and/or
eytotoxic or eviostatic agents, as deseribed in more herein. Examples of preferred
additonal therapeutic agents that can be coadmimstered and/or coformuiated with one or
more PGE, antagonists, e.g., anti-PGE: antibodies or fragments thereof, include, but are
not limited to, one or more of; inhaled steroids; bew-agonists, e.g.. short-acting or long-
acting beta-agonists; antagonists of leukotrienes or leukotriene receptors; combination
drugs such as ADVAIR: I inhibitors, e.g., anti-igE antibodies (e.g.. XOLAIRY,
phosphodiesterase inhibitors (e.g., PDE4 inhibitors); xanthines: anucholinergic drugs;
mast cell-stabilizing agents such as cromolyn: IL-4 inhibitors; 1L-5 inhibitors;
eotaxin/CCR 3 inhibitors; antagonists of histamine ot its recepiors meluding HI, HZ H3,
and H4, and antagonists of prostagiandin D or its receptors (DPT and CRTHZ) . Such
combinations can be used o treat asthma and other respiratory disorders. Additional
examples of therapeutic agents that can be coadministered and/or coformulated with one
ar more anti-PGE? antibodies or fragments thereof include one or more of TNF
antagonists (e, a sofuble fragment of a TNF receptor, e.g., pS5 or p75 human TN
receptor or derrvatives thereof, e.g. 75 kD TNER-IgG (75 kDD TNF receptor-igG fusion
protein. ENBREL)), TNF enzyme antagonists, ¢.g., TNF converting enzyme (TACE)
iniribitors: muscarinic receptor antagenisis; TGE-beta antagonists, interferon gamma:
perfenidone; chemotherapeutic agents, e.g., methotrexate. leflunomide, or a sirolimus
(raparnycin} or an analog thereof, e.g., CCI1-779; COX2 and cPLA2 inhibitors: NSAIDs:
immunomodulators; p3& inhibitors, TPL-2, MK-2 and NFkB inhibitors, among others.
Other combinations are evtokine suppressive anti-inflammatory drug(sy (CSAIDs);
antibodies to or antagonists of other haman cytokines or growth factors, for example, 1L~
LOIL-2 TL-3, 14, 1E-5 TL-6, IE-7, JL-8, TL-15, 1L-16, IE-18, IL-21, IL-31, nterferons,
EMAP-TI, GM-CSF, FGF. EGF, PDGF. and edothelin-1. as well as the receptors of these
cyiokines and growth factors. Antibodies of the invention, or antigen binding portions
thereof, can be combined with antibodies 1o cell surface molecales such as CD2, CD3,
CD4, CDE. CD25, CD28, CD30, CD40, CD4s, CD6%, CDRO (BT.1}, CD&6 (B7.2).
CDOG. CTLA or their Ligands including CD154 (gp3% or CD40L).

G4
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Proferred combinations of therapeutic agents may interfere at different points in
the inflammatory cascade. Preferred examples include TNF antagomsts iike chimeric,
humanized or human TNF antibodies, D2ZE7. (PCT Publication No, WO 97/29131), CA2
(RemicadeTM), CDP 571, and soluble p33 or p75 TNF receptors, derivatives, thereof,
(p7STNFR1eG (EnbrelTM) or pSSTNFR1gG (Lenercept), and also TWF convertimg
enzyme (TACE) inhibitors; similarty TL-1 inhibitors {Trterleukin- I-converting enzyme

inhibitors, IL-1RA etc.) may be effective for the same reason.

The pharmaceutical compositions of the invention may include 2 “therapeutically
effective amount”™ or a "praphvlactically effective amount” of an antibody or antibody
portion of the invention. A "therapeutically effective amount” refers te an amount
effective, at dosages and for periods of time necessary, to achicve the desired therapeutic
result. A therapeutically effective amount of the amtibody or antibody portion may be
determined by a person skilled in the art and may vary according o factors such as the
disease state, age. sex, and weight of the individual, and the ability of the antibody or
antibody portion to elicit a desired response int e individual. A therapeutically sifective
amount is also one in which any toxic or detrimental effects of the antibody, or antibody
portion, are outweighed by the therapeutically beneficial effects. A "prophyviactcally
effective amount” refers to an amount effective, at dosages and for periods of time
necessary, w achieve the desired prophylactic result. Typically, since a prophylaciic dose
is used in subjects prior to or at an carlier stage of disease, the prophylactically effective

amouni will be less than the therapeutically effective amount.

Dosage regimens may be adjusted 10 provide the optimum desired response {e.g.,
a therapeutic or prophylactic response). For example, & singie bolus may be
administered, several divided doses may be administered over tire or the ose may be
proportionally reduced or increased as indicated by the exigencies of the therapeutic
sitnation. H is especially advantageous o formulate parenteral compositions in dosage
unit form for ease of administration and uniformity of dosage. Dosage unit form as vsed
hersin refers to phvsicalty discrete units suited as unitary dosages for the mammalian
subjects 1o be treated; each unit contaming & predetermined quantity of active compound
calculated to produce the desired therapeutic effect in association with the required
pharmaceurical carrier. The specification for the dosage unit forms of the frvention are

dictated by and directly dependent on (a) the unigue characieristics of the active
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compound and the particular therapeutic or prophylactic effect to be achieved, and (bj the
limitations inhierent in the art of compounding such an active compound for the reatment

of sensitivity in individuals,

An exemplary. non-lmiting range for a therapeutically or prophylactically
effective amount of an antibody or antibody portion of the invention is 0.1-20 mg/kg,
more preferably 1-10 mg/ke, Itis to be poted that dosage values may vary with the type
and severity of the condition 1o be alleviated. It is to be further understood that for any
particular subject, specific dosage regimens should be adjusted over nme according to the
individual need and the professional judgment of the person administering or supervising
the administration of the compositions, and that dosage ranges set forth herem are
exemplary only and are not intended to limit the scope or practice of the claimed

compaosition,

Tt will be readily apparent 1o those skilled in the art that other suitable modificaions
and adaptations of the methods of the invention described herein are obvious and may be
made using suitable equivalents without departing from the scope of the invention or the
embodiments disciosed herein. Having now described the present invention in detail, the
same will be more clearly understood by reference to the following examples, which are

included for purposes of thustration only and are not intended 1o be linnting of the

invention,
Exemplification
Example 1: Generation And lsolation OFf Anti Prostaglandin E- Moneclonal
Antibodies
Example 1.1: Assavs To Identify Anti Human Prostaglandin E. Antibodies

The following assays were used o identify and characterize anti-prostaglandin E;

antibodies unless otherwise stated.
Example 1.1.A: ELISA

Enzyme linked immunosorbent assavs 1o sereen for antibodies that bmd

prostaglandin E; were performed according to at least one of the two foliowing methods.

6
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Method i

ELISA plates (Costar 3369, Corning, NY) were coated with 50 ul of anti-host Fe
1eG (Sigma, St Louis, MOy &t 2 ug/ml in PBS {(Invirrogen Carisbad, CAY Following an
overnight incubation at 4°C, washed with PBS and the plate was blocked with 260 1
Superblock (Pierce #373535, Rockford, IL). The 1¢G containiag samples were diluted 10
we/ml in Assay Buffer (10% Superblock in PBS containing 0.05% Surfactamps {Pierce
#37%3%. Rockford, 1L} and 50 pliwell added to each well and incubated for T hour at
room: temperature. Plates were washed four times with Tween-Tris Buffered Solution
(TTBS). PGE2-biotinamide {Cayman Chemicals, Ann Arbor, MI) was diluted to 30 nM
and serially diluted 1:3 in Assay Buffer. The ttration curve samples were added to cach
12G sampic at 50 pliwell and incubated for 1 hour at room temperature. The plates were
washed as previously described and 50 gl of 1:3000 dilution of streptavidin polykrp40
{Fitzgerald Industries, Concord, MA) i Assay Buffer was added to each well and
incubated for 45 minutes at room temperature. A final wash step was performed and the
plates were developed using & single step TMB system (Sigme #T8665, St. Louis, M{)
and 100 ul /well 2N HaS80,. Plates were read at 450 nm on a Molecular Devices
Spectramax plate reader (Sunnyvale, C Ay BECsy was determined using GraphPad Prism 5

{GraphPad Sofrware, La Jolla, CA}

Method 2

Alternatively, prostaglandin binding was determined using a “H-PGE, ELISA.
Plates were coated at 50 pL/well with 5 pg/ml of goat anti-human I1gG (Fej (Thermo
Scientific # 31170, Hudson, NH or goat anti-mouse 1gG (Fe) (Therme Scientfic #
31125, Hudson, NH) in PBS and incubated overnight at 4 ‘C. The following day, plates
were flicked and blotted dry. Plates were blocked with 200 pL/well of Superblock
{Thermo Scientific # 37515, Hudson, NH) for 1 hour at room temperature. Plates were
flicked and blotted dry. Monocional antibodies were diluted to 0.04 pg/ml in phosphate
huffer sotution with Tween 20 (PBST) (Abbatt Bioresearch Center, Woreester, MAj and
10% Superblock and 50 pL of each antibody was added to each well of the pre-blocked
ELISA plate at 2ng/well and incubated for I hour at room temperawre. Wells were
washed 1 times with PBS + (0.1% Tween-20. A serial 3-fold titration of "H-PGE, (Perkin
Flmer # NET-428, Waltham, MA) was prepared in PBST/ 10% Superblock. Fifty

microliters of the "H-PGE; solution was added 10 cach well of the plaie and incubated for

167
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1 hour at room temperature, Wells were washed manually 6 tmes with PBST/ 10%
Superblock and 50 pl of scintiliation fluid (Perkin Elmer # 6013621, Waltham, MA) was
added to cach well, Plates were read using a TopCount reader (Perkin Elmer, Waltham,
WA with a S minute count delay. An ECso number was determined using GraphPad

Prism 5 (GraphPad Software, La Jolla, CA).

Example 1.1.B: PGE, Competition ELISA

Competition enzyme linked immunosorbent assays were performed 10 determine
prostaglandin binding specificity for antibodies that bind prostaglandin Ey, according 16 at

least one of the two following methods.
Method 1

ELISA plates (Costar 3369, Corning, NY j were coated with 50 phiwell of anu-
host Fe TeG (Sigma, St. Louis, MO at 2 ug/ml in PBS (Invirogen, Carisbad, CA L
Following an overnight incubation at 4°C. the plate was blocked with 200 ul Superblock
(Pierce #37535. Rockford, IL). The 1gG samples were dituted 10 6 pg/mlm Assay Buffer
(10% Superblock in PBS containing 0.05% Surfactamps (Plerce #37535, Rockford, IL).
The PGE-biotinamide was diluted €0 3 nM in Assay Buffer. A titration curve in Assay
Buffer was prepared for the prostaglandins PG A, (Cayman Chemicals, Ann Arbor, M13,
PGD (Cayman Chemicals, Ann Arbor, MI) and PGE; (Cayman Chemicats, Ann Arbor,
MTI) starting at 300 nM by a 1:10 serial ditution. The reagents were added totubes at a
volume of 50 ul cach/ube and preincubated for 1 hour at soom temperature. Following
the preincubation, the mix was transferred to the blocked plates and allowed to mcubate
for 1 hour at room temperature. Next, the plates were washed four times with Tween 20-
Tric buffered solution (TTBS). Streptavidin polvhrpd0 in Assay Buffer (Fitzgerald
Industries. Concord, MAY at a 1:5000 dilution was then added to the wells and incubated
for 4% minutes al room temperature. A final wash step was performed and the plaies were
developed using a single step TMB system (Sigma #T8665, Sigma, St Louis, MO} and
160 pl /well 2N H,80,. Plates were read at 450 nm on @ Molecular Devices Spectramax
plate reader {Sunnyvale, CA). Wells in which unlabeled prostaglandins competed with
the PGEs-biotinamide for binding resulted in a decrease of signal, 105 number was
determined using GraphPad Prism § (GraphPad Software, La Jolla, CA). The cross

reactivify index was then calculated by 1Csq of PGELCs of other prostaglandin(s).

HOE
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Method 2

Alernatively, prostaglandim selectivity was determined using a H-PGE,
competitition ELISA. Plates were coated with 30 pl/well of & yg/mi of goat anti-human
1pG (Fey (Thermo Scientific # 31170, Hudson, NH) or goat anti-mouse IgG (Fe) (Thermo
Seientific # 31125, Hudson, NH) i PBS and incubated overnight at 4 . The following
day plates were flicked and biotted dry. Plates were blocked with 200 ul/well of
Superblock (Thermo Scientific # 37515, Hudson, NH}, 1 hour at room temperature. Plates
were flicked and blotied drv. Monociona! antibodies were diluted to 0.04 pg/ml in PBST
(Abbott Bioresearch Center, Worcester, MA)Y 10% Superblock and 50 pl. of cach was
added 1o each well (2ng/well) of the pre-blocked ELISA plate and incubated for | hour at
room temperaiure. Wells were washed 3 tmes with PBS/ (0.1% Tween-20. *H-PGE,
(Perkin Eimer # NET-428, Waltham, MA ) was diluted in PBST/ 10% Superblock to 6nM
(2X stock). Fach prosmglandin (Cayman Chemicals, Ann Arbor, M) was prepared in
PBST + 10% Superblock at various concentrations ranging from 2000 uM (2X stock) w
0.00004 uM {2X). Equal volumes of the *H-PGE, solution and of each prostaglandin
ditution were mixed. Fifty microliters of this mixture was then added to each well of the
plate and incubated for | hour at room temperatare. Wells were washed manually 6 times
with PBST/ 10% Superblock and 50 pL. of scimillation fluid (Perkin Elmer # 6013621,
Waltham, MA) added to cach well. Plates were read using & TopCount reader (Perkin
Elmer, Waltham, MA) with a 5 minute count delay. 1Cso number was determined using
GraphPad Prism 5 (GraphPad Software, La Jolla, CA). The cross reacuvity index was

then caleulated by 1Csy of PGE,/ICsy of other prostagiandinds)

Example 1.1.C: Measurement of Functional Activitv Of Anti Prostagiandin I,

Antibodies

To examine the functional activity of the anti-PGE; amibodies of the mventon,
the antibodies were used in the following i viny and in vivo assays that measure the

ability of an antibody to inhibit PGE, activity.,
Example 1.1.C. 1 EP4 Bioassav

The abiliry of anti-PGE: antibody to inhibit cellular response of PGE- in vitro was
determined in s Ca™ flux assay in HEK293 Gol6 cells (Abbott Bioresearch Center,

Worcester, MA ) stably transfected with human EP4 receptor. In brief, an expression

PG
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plasmid encoding one of the four human PGE: receptors, EP4, and an expression phesmid
cncoding Gal6, were co-transfected into human embryenic kidney cell line 293 cells
(ATCC# CRL1373. Manasses, Virginia). The stable clones co-expressing both human
EP4 and Go 16 profein were selected using standard methods (Joseph Sambrook and
David W, Russell, Molecular Cloning: A Laboratory Manual Publisher. Published by

Cold Spring Harbor Laboratory Press, 206011 and used for the EP4 bioassay.

The HEK 293 G 16 cells were plated in black/clear poly-D-lysine plates (Corning
#1667, Corning, NY) and incubated with a Ca™ -sensitive dye (Molecular Devices,
Sunnyvale, CA} for 90 minutes. Stock PGE; (in 200 proot ethanol) was diluted with
FLIPR buffer [containing 1 X HBSS (Invitrogen Carlsbad, CA3 20 mM HEPES
(Invitrogen Carlsbad, CA), 0.1% BSA (Sigma, St. Louis, MO) and 2.5 mM Probenecid
(Sigma, St. Louis, MOYL. Anti-PGE, antibodies or isotype maiched control antibodies
were also pre-dituted in FLIPR buffer, 25 ul of PGE; or pre-incubated PGEy/antibody
mixture was added to the wells pre-plated with cells. The dose response of PGE, was
determined on a serial ttration of PGE, and using FLIPR1 or Tetra (Molecular Devices,
Sunnyvale, CA) and ECsq was determined using GraphPad Prism 5 (GraphPad Software,
La lolla, CA). For testing amibodies, PGE; at ECye concentration was incubated with
varying concentrations of st antibodies or isotype matched antibody (negative control)
{ABC) for 20 minutes, and added 10 dye-loaded human EP4 in HEK293 G 16 cells.
Ca™ flux was monitored using FLIPRY and dara was analyzed using GraphPad Prism 5

{GraphPad Software, La Jolla, CA)

Example 1.1.C.2: Competitive Inhibition of PGE; Binding to PGE, Receptors by

Anti Prostactandin E, Antibodies Using "H-PGE-

Competitive inhibition of PGE; binding to PGE; receptors, for example EP4 or
EP3, by an anti-PGE; antibody are determined using & cell-based or membrane based
receptor binding assay using “H-PGE; (ProstaglandinE2, [3,6.8.11.12,14,15-3H{N)Y ],

Periin Ebmer, Waltham, MA . Cat# NET428250UC)

Cells endogencusly expressing or stably overexpressing EP4 recepror {ie,
HEK293-EP4 cells or HEK293.EP4-Gal 6 cells used for EP4 bivassay) (1 " celis/mL)

are grown overnight in a 24-well plate in DMEM medium (Invitrogen. Carlsbad. CAY

110
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1009 FCS (Sigma #T8665, Sigma, St. Louis, MO}, The medivm is removed and 100 ul
binding buffer (medium withow FCS) is added. The plate is placed on ice for 10 minutes.
Non-radicactive PGFs (0-1 uM) is added together with tracer (40 pM of *H-PGEs: in 100
nl volume. Equilibrium receptor binding is performed for 90 minutes at 4°C. The
medium is removed and the cells are washed four times with 200 i cold medium. The
cells are harvested by adding 20 pl 0.3 M NaOH. The lysate 1s transferred to 2 liquid
scintiliation plate. 100 ul Aquasafe 300 (Zinsser Analytic, Frankfurt, Germany ) plus L5C
cocktail (Lumac LSC, Greningen, The Netherlands ) is added to each well and mixed.
The cell-bound radicactivity is determined by Liguid scintillation counting, Formost
agomist-receptor interactions, it 1s assumed that receptor binding inhibition by agonist
(PGE,) follows a one-site model. The ECsq, K and Kg values are calculated using the

GraphPad Prism 3 (GraphPad Software. La Jolla, CA).

Inhibition of an anti-PGE, antgbody on the binding of *H-PGE, { Prostaglandink?,
[5,6,8.11,12,14,153-3H(N)]. Perkin Elmer, Waltham, MA. Cat# NET428250UC) 10 the
EP3 receptor was performed using membrane preparations from cells that over-express
the EP3 receptor (Millipore, Billerica, MA). Before the binding assay, 50 pliwell of 0.3%
Polvethyvieneimine (PED) (Sigma, St. Louis, MO) was added to a Unifilter-96 GF/B filter
niate (Perkin Elmer, Waltham, MA ) and placed at 4°C for one hour until ready for use. A
1:2 dilution of antibody was prepared at 2X concentration in binding buffer (50 mM
HEPES pH 7.0, 16 mM MaCl,, ImM EDTA, 0.2% BSA). *H-PGE, was prepared at 2X
concentration in binding buffer. 50 ul of a scrial 3 fold dilution of antibody was then
added to gach well containing 50 pl of 200 pM *H.PGE,. mixed well and aliowed 1o sit at
room emperature for 10 minutes. Frozen membranes were thawed and resuspended in
binding buffer. Spg of membrane was added 1o each well. Mixtures were incubated at
room ternperature for 60 minutes before filtering onto pretreated GF/B filtration plates
uging a Packard 96 well harvester. Plates were then dried for one hour before adding
Microseint™20 (Perkin Eimer, Waltham, MA). Plates were then scaled and counted on
the TopCount reader (Perkin Elmer, Waltham, MA), Nen-specific binding was
determined in the presence of 100 uM cold PGE;. The measured radivactivity {cpm) was

used t¢ determine 1Cso values using Graphpad Prism (GraphPad Software, La Jolla, CA)

Example 1.1.C.3: Competitive Inhibition of PGE; Binding to PGE, Receptors by

Anti Prostagiandin E- Antibodies Usine a4 Cell Based FACS Assay
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Competitive inhibition of PGE, binding to PGE» receptors, for example EP4, by
an anti- PGE» antibody can be determined using a celi-based FACS assay using PGEs-
biotinimide (Cavman Chemical, Ann Arbor, Michigan. Cat# 100069%7) end Streptavidin-
R-Phycoerythrin (SA-RPE: [nvitrogen, Carlsbad, CA, Cat¥ 15-4301). Cells ( 1%
endogenously cxpressing or stably overexpressing EP4 (e, HEK293-EP4 cells or
HEKIGY.EPS-Ge 16 cells used for EP4 bioassay) are cultivated in DMEM medium
(Invitrogen, Carlsbad, CA V1% FCS (Sigma #T8663, Sigma, 5t Louis, MO {ells are
harvested and washed several fimes with 300 ul washing buffer (PBS/1% BSA). Celis
are resuspended in 300 pl FACS binding buffer (mediurm without FCS). 20 ul PGEs
hiotinimide is added to the cell suspension and incubated at 4°C for 1 hour. Cells are
washed with washing buffer three times. The cells are resuspended in 500 ul FACS
binding buffer and 20 pl SA-RPE is added to the cells and incubated at 4°C for 30
minutes. Celle are then resuspended in 500 pi FACS binding buffer and the binding of
PGE- on the cell surface s anatvzed by flow cytometry. The inhibition of an ant-PGE:
antibody can be determined by pre-incubating the cells with a titration of anu-PGE;

antibody before incubation with PGE>-biotinimide and SA-RPE.

Exampie 1.2: Generation Of Anti-Prostaglandin £, Monoclonal Antibodies By

Hvbridemsa Appreach

Anti-prostaglendin B> mouse monocional antibodies were obtained as follows:

Example 1.2.A: Immunization Of Mice With A Prostagiandin F,-Thvroglobulin

Caontjugate

Twenty micrograms of PGEy/thyroglobulin conjugate mixed with complete
Freund’s adjuvant (Pierce, Rockford. TLY or Immunceasy adjuvant (Qiagen, V alencia,
CA) was injected subcutaneously into five 6-8 week-old Balb/C mice, five C5TB/6 mice,
and five Al mice on Day 1. On days 24, 38, and 49, 25 ug of PGEy/thyroglobulin
conjugate mixed with incomplete Freund’s adjuvant or Immunogasy adjuvant was
injected subcutaneously into the same mice. On days 84, 112, or 144, mice were injected

infravenously with 1 ug PGE»/thyrogiobulin conjugate.
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Exampte 1.2.B: Generation of Hvbridomas

Splenccytes obtained from the immunized mice described in Example 1.2.A were
fused with SP2/0-Ag-14 cells at a ratio of :1 according 1o the established method
deseribed i Kohler. G, and Milstein, Nature, 256:405 (1973} 10 generate hybridomas,
Fuston products were plated in selection media containing azaserine {Prerce, Rockiord,
IL) and hvpoxanthine (Pierce, Rockford, 1L in 96-well plates at a density of 2.5x] 0
spieen cells per well, Seven to ten days post fusion, macroscopic hybridoma colomes
were observed. Supernatant from cach well containing hybridoma colonies was tested by

ELISA (as described in Example 1.1.A) for the presence of antibody to PGE,.

PGE, was conjugated 10 several different carrier proteins, including bovine
thvroglobuling, kevhole limpet hemocyanin, bovine serum albumin, and ovalbumin.

(Amiram, et al. Eur. 1. Biochem. 53:145- 156 (1675, Mice were immunized with one of
these conjugated PGEy-protein compiexes as described in Example 1.2.A. Spleen cells
from wnmunized mice were then fused to generate hyvbridomas ey described i Example
1.2.B. The hybridomas producing antibodies specific for PGE, were isolated and the
antibodies characterized using a biotinylated PGE» ELISA as described in Example

1AL

Example 1.2.C: ldentification And Characterization Of Anti-Prostaglandin E,

Monocional Antibodies

Hybridomas producing antibodies that bind PGE,, generated according 1o

Examples 1.2.B, were scaled up and cloned by limiting dilution.

Several antibodies, named 19C9, 4F 10 and 15F10 specific for PGE., were wolated.
The affinities of these antibodies were determined by ELISA using biounyviated PGEy as
described in Example 1.L.A (Figures 1 and 2). The specificity of these antibodies for
PGE, was further determined by & competition ELISA with various prostaglandins as

described in Example 1.1.B (Table 2}

Table 2+ Affnitv and Cress Reactivitv of 19C4%. 4F10. 15F10. and 2B5 Antibodies
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Example 2: Human Anti Prostagiandin E. Antibudies By Jr Vitry Display

Technology

Example 2.1: Human Anti Prostaglandin E, Antibodies Seiected From Non-

Immune Human Antibody Libraries By In Firro Display Technology

Using PROfusion™ mRNA display. human anti-PGE. antibodies were selected
from non-immune human antibody Hbraries by in virro display technology i the single
chain Fv (scFv) format. Antibody amine acid sequences that encoded biotinylated PGE;-
binding scFv proteins were collected using streptavidin or neutravidin magnetic beads
and further enriched from the libraries by multiple rounds of selection. Bulk output scFv
nucleic acid sequences were subcloned into plasmid DNA suitable for bacterial
propagation and individual bacterial colonies were picked for sckv sequence analysis and
confirmation of their PGE; binding by the same antigen binding assay used in the library
selection. VH and VL DNA of PGEz-binding scFv clones was then separately subcloned
into respective human IgG-expressing heavy chain and tight chain vectors, and
transfected into COS7 cells for 1gG expression. The human IgG-conaining COS7 media
were then used to confirm PGE: binding by ELISA as described in Example 1.1.A (Table

3.

Fable 3: Binding of PRGiusjon Library Derived PGE, Antibodies To PGES-

Biotinamide (ODsq)

Biotin- Antibody

PGE, (kM) | KIB | K7H | K3A | Li1 |L12A | L21 [ L20 | Control

(.8% 0.24 658 10067 1026 046 1012 047

[ =
thln

0.82 0.2¢ 078 1007 1022 (041 1009 1005

(.67 (.13 0.67 1007 1018 1631 | 007 | 0.05

027 (.10 0.61 007 L0613 1032 10.06 1008

0.29 0.06 651 1005 1008 023 1006 1005

0.21 0.04 0.34 1004 1009 016 1005 003

e R e
el

1013 0.03 022 004 1007 1010 1006 1004
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Table 4 provides a list of amino acid sequences of VH and VL regions of human

anti-PGE, antibodics derived from the PROfusion”

mRNA display library.

Table 4  List of Amine Acid Seguences of VH and VI repions
SEQ
I Protein region

e .

Sequence

LEB45ETEB0LI345678901534567 850
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S EYECET YT

oLV SGALTRKPGASVEVSCHASESE!
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S E0123450 6901030567650
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Protein region

Sequence

eRED

l_u;567893‘:_45€7890

*Q36“890

.mv;psr‘ LMDW 3
’-T:{mfwﬁav g

VYYCA HSSﬁmst::;ou LT

. imnc;az.scmvmmmwmﬂ

i16




16

ID Protein region Seguence

PEESLNTAL |

Example 3: Generation And Characterization Of Recombinant Anti Prostagiandin

E-~ Antibedies Accordine To Solved Protein Sequence Bv A Combination Of Edman

Sequencing, Mass Spectrum Analvsis And BLAST

The protein sequence of hybridoma-derived mouse antibodies specific for PGE;
was generated by analyzing aming acid sequences using a combination of Edman
degradation, mass spectrum analysis and BLAST (Basic Local Alignment Search Tool,
WCBIL NTH, Bethesda, MD) as described previousty (Pham, V. ¢t al. Analyt
Biochem.352:77-86 (20063, (.45mg of anti-PGE, antibody was reduced with 100 mM
DTT (Invitregen, Carisbad, CAJ w light chain and heavy chain. The light chains and

heavy chains of the amti-PGE; antibodies were separated by reverse phase HPLC on

,M
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Shimadzu HPLC system (Shimadzu Scientifc Instruments, Columbia, MD) with a Vydac
C-18 reverse phase column (H-P Separations Group, Hesperia, CA). The molecular
weights of the ight and heavy chains were measured on the Applicd Biogystems APl
OSTAR Pulsar i mass spectrometer (Applied Biosystems, Foster City, CA ) and Agilent
0O-TOF mass specirometer {Agilent, Paio Alto, CA). N terminal sequencing of the light
chains was performed in solution on PE Applied Biosystems 404/785A/1400/610A
Protein-Peptide Sequencer (Applied Biosystems, Foster City, CA). 45ul of light chain of
the ant-PGE2 2B3 antibody was loaded on the center of the filter and 42 cycies were
performed. The N-terminal of hieavy chain of the anti-PGE; antibody was blacked with
syroglutamic acid and it could not be sequenced directly by Edman degradation. Prior to
N-terminal Edman sequencing the heavy chain, the heavy chain N terminal was de-
blocked using pyroghutamate aminopeptidase (Sigma, St Louis, MO). 80 pg of anti-
PGE: antibody was reduced with 50 mM DTT at 37 °C for 30 minwes. 0.42 plof 0.5 M
EDTA, pH 7.5 (Invitrogen, Carlsbad, CA) was added to the reduced sample to a final
EDTA concentration of 1 mM. 50 ul reconstituted recombinant pyrococeus furiosus
pyroglutamate aminopeptidase (Sigma, St. Louis, MO} was added to the sample. After
incubating the sample solution at 40 °C for 13 hours, the temperature was increased to 60

°C for an additional two hours. An additfional 10 ul of the reconsttuted pyrococcus

furiosus pyroghitamate aminopeptidase was added and the sample was incubated at 60 °C

for an additional hour. 4 ul of the sample was used for LC/MS analysis at 15 hour, 17
hour, and |8 hour time points 1o monitor the extent of the de-blocking process. When the
de-blocking reaction was complete, the solution was concentrated by speed-vacuum
(Eppendorf, Westbury, NY) 1o about 100 ul. The de-blocked heavy chain was separated
from light chain by SDS-PAGE and then transferred to PVDF membrane {Invitrogen,
Carlsbad, CA) for Edman Sequencing (Niafl, HD, Methods Enzymol. 27:942-1010
{19733y,

To obtain the intemnal peptide sequence of an anti-PGE, antibody. the antibody
was digested with multiple proteases with or without alkylation reatment. The sampie
was first reduced with DTT. The reduced sample was either digested directly with a
protease or atkylated with iodoacetamide (Sigma, St. Louvis, MO) before digestion.
Proteases used in this study include trvpsin, ghu-C, asp-N and chymotrypsin (Sigma, St.

Louis, MO, Fractions of protease digested peptides were separated by HPLC and cach
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fraction was collected in a separate eppendorf tube for either MS or Edman scquencing,
For LC/MS/MS analysis, MALDI-MS (Applied Biosystems, Foster City, CA}, nano-
LC/ESI-MS/MS (Applied Biosvstems, Foster City, CA) with either LCQ-deca, AP1 QStar
Pulsar (Applied Biosystems, Foster City, CAY and Agilent Q-TOF (Agilent, Palo Alto,
CAYywere used. HPLC conditions were mobile Phase A= §.1% Formic acid; mobile
Phage Be= 850% ACN/20 % 0.1% Formic acid. A 1-3 hour gradient (5-30% B) was
applied. For Edman sequencing, the fractions containing peptides resulting from prowase
digestion were transferred to PVDF membrane by a ProSorb caninidge (Apphied
Biosvstems, Foster City, CA). Each fraction was diluted to 100 uf of 0.1% TFA soluton
{Sigma, St. Louis, MO} After wetting the PVDF membrane (Invitrogen, Carlsbad, CA}
in the reservoir with 10 1 methanol {Sigma, St. Louis, MO), the sample was added 1o the
reservoir. The sample was removed from the reservoir and the PVDE membrane was air
dried. The PVDE membrane was punched out, 5 ul of 10% diluted Biobrene solution
(Sigma, St. Louis, MO} was added and the membrane dned completely, After washing
the PVDF membrane with 15 1w 0.1% TFA for 15 scconds, the surface was wiped with
filter paper. 4 ul of methanol was added t the PVDF membrane and ailowed to dry

thoroughly. The dried PVDF membrane was used for Edman Sequencing,

Germiine seguences of the VH and VL of an anti-PGE; antibody were determined
by alignment of the solved variable regions of heavy chain and light chain according 1o
the above methods with the VH and VL database of mouse germline sequences (1g-
BLAST. NCBIL NIH, Bethesda, MDY For the regions unsolved by MS and Edman
sequencing, the closest germline sequence was assigned. The possible hot spot mutations
were identified manually to match the experimental molecuiar weight of the beavy chain
and light chain of an anti-PGE; antibody determined by MS respeetively. The protein

sequence of an anti-PGE, antibody was solved using the above method.

Several versions of the recombinant anti-PGE: andbodies (2B5-7.0, 2B5-8.0 and
IR5-9.0) were constructed based on this solved protein sequence, cach having different
residues in & few unsolved positions (Table 53, The testing of these recombinant
antibodies is described in Example 4. Although the amine acid sequence of antibody
CDRg are critical for binding specificity, potency and affinity of the antibody,
qubsititutions, alterations, deletions or additions of a few residues in the frameworks and

sven CDRs may still largely maintain the binding specificity, potency, and affinity of an
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antibody. A version of an antibody with at least onc or & few such substitution(s),
alterations, deletions or additions is still within the scope of the invention. An alignment
of VH and VL regions of anti-PGE; antibodies (2B5-7.0, 2B5-8.0 and 2B5-9.0) is shown

m Figure. &,

Takle 5 Several Versions Of The Selved Protein Sequences For A Mouse Anti-PGE-
Antibody

SEQ ID Protein region : Secquence
No.

1234%6789012345678901234567890

40 VE 2B5~7.C GVOLQCSGPELVRPGSEVEI SCKASGYTETR
YWLGWIEORPGHELEW] GDIYPGYDYTHYNE
KFRDERT LTV DTSC;f%TA‘fMQ&SSLTSEDSA\r
YFCRRSDGSSTYWC)GTLYTVSA

3 Vo
41 Vi. 2B5-7.0 DVLMTRT LS SCTSSONIVE
SHNENTYLEWYI YEVENRFSG

VEDRESGSGSGTVITLEISRVERE 7YY

EDLGVY
FOVSHVEYTFGGEETEL R

42 VH ZB5-8.0 SVOLORSERPELVEPESSVEISCHEASGYTEFTK
YWLEWVHKORPGHGLEWIGDIYPEYDYTHYNE
KERDE AT LIVDTISSTAYMOLESLTSE0EAT
YYCERSDGSSTYWEOCTLVIVER

43 VL 2B5-§.0 DVLMTOTPLELPYSLGDGAS ISCTSSONIVE
SNGNTYLEWYLORPAOSPRLLI YEVSNRESG
UPDRESGSESGTVITLE I SRUBAEDLGVYYC
FOVSHVPYTE

44 VH 2B5-8%.0 OVOLOUSEPRELVRPESSVHISUKASEYTFTR
: YWLGHVHOR PGHELENIGDIYPYGDYTHYNE

KERDKATLTVD TR S8 TAYMOLESLTSEDSAY

YPCARSDESSTYACSETLYIVEA

GTLY

45 VL 2B5-9.0 ; CVLMTOTPLELPYVSLGDOAS ISCTSSONIVH
SNGNTYLEWYLOR
VPDR ;

POVESHVPYTFGGE

Exampie 4: Recombinant Anti-Prostagiandin E. Antibodies

Example 4.1: Construction And Expression Of Recombinant Anti -Prostaglandin

E, Antibodies

DN A encoding the heavy chain varniable regions of mouse anti-PGE2 antibodies
IRA-T.0, 2R5-8.0 or 2B5-9.0 was fused 10 a ¢cDNA fragment encoding either a human
oGl constant region, & mouse 1eG1 constant, or a mouse 1gG2a constant region by
homologous recombination in bacteria. (Zhang, Y et al, Nature Biowechnol. 18(12):1314-
7 (20600} DNA encoding the fight chain variable regions of 2B5-7.0, 2B5-8.0 or ZB5-
9.0 was fused to a buman kappa constant region or mouse kappa constant region. Id.

Full-length antibodies were ransiently expressed in 292 cells by co-transfection of heavy
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and fight chain eDNAs ligated inw the pTT3 expression plasmids. (Durocher, Y ¢t al.
Nucleic Acids Res. 30(23:E9 (20021 Cell supernatants containing recombinant chimeric
antibody were purified by Protein A Sepharose chromatography and bound amibody was
eluted by addition of acid buffer. Amibodies were neutralized and dialyzed mio PBS.
(Making and Using Antibodies: A Practical Handbook. Edited by Gary C. Howard and

natthew R, Kaser. Published by CRC (2066)).

The purified chimeric anti-PGEz monoclonal antibodies 2B5-7.0, 2B5-8.0 and
2R5-6.0 were then tested for their ability to bind 1o PGE. in an ELISA assay as deseribed
in Exampie 1.1.A (Table 6) and for their selectivity in 2 competition ELISA as described
in Example 1.1.B (Table 6). All three recombinant anti-PGEs monacional antibodies
2B5.7.0, 2B5-8.0 and 2BS5-9.0 potently bound tc PGE: with a similar gpecificity for
PGE, 2B5-8.0 demonstrated the highest binding ability to PGE; and was selcted for
further characterization in an EP4 bioassay to characterize its ability to nevtralize PGE»
bioactivity and in & "H-PGE,; competition ELISA to characterize its prostaglandin
sefectivity using a full pane! of prostegianding. 2B5-8.0 potently inhibited PGE; mnduced

caleium influx in the EP4 bioassay as described in Examples 1.1.C (Table 64

Table 6 Characterization Of PGE, Binding. Prostaglandin Binding Selectivity And

PGE, Neuwtralization Poteney Of Engineered Anti-PGE- Mabs

Anti-PGEs mAb 2B5 2B5-7.0 2B3-8.0 2B53-9.0
PGE, binding in Biotin-PGE; ELISA 2.99 2.46 1.03 3.04
(EC50, nM)
P{ Selecuvity in PGE, 41 27 2% 23
Biotn-PGE, PGAy 0.29 .11 0.21 0.24
Competition ELISA PGD, <0.01 <(.61 <0.01 <101
(CRI] %)
PGE; binding in "H-PGE; ELISA 315 253
(EC30, pM)
PGEL 104 160
PGE] 1z 3.6
PG Selectivity PGA2 017 .04
in "H-PGE; PGD2 0.4 X107
competition PGFlo {125 0.03
ELISA PGI2 NA .16
ECRE 0/;35 H(}pg‘gs{ NA (.01
; Carbaprestacyclin | MA (18

i




it

Pinane TXAZ NA P Go0UEs
15R-Pinane TXAZ NA G.006G43
Carbocyclic TXA2 NA {.0005

TXBZ <301 <{rg

6-keto PGFIo 0.4 064

PGB .03 ({38
%-iso PGF2a G072 0,092
13,14-dihydroxyl-15- <33 0412
keto PGE2
2 3-dinor-6-keio- NA - 0.019
PGFla
153-kete PGEL <001 0.013
19R-hydroxy PGE2 <(+ i1 0.09
LTE4 <{3 3} (.612
5(S»-HETE (3] <0 (01
Arachidonic ucid <(3.01 <(1.04
PGEs Neutralization Potency in 34 a4
Cellular EP4 assay
{1C50, pM]

Example 4.2: Construction And Expression Of Humanized Anti-Prostaglandin £,

Antihodies

Example 4.2.1: Selection Of Human Antibodv Frameworks

Humanization was based on amino acid sequence homology. CDR cluster
analysis, frequency of use among expressed human antibodies, and available information
on the crystal structures of human antibodies, Taking into account possible effects on
antibody binding, VH- VL pairing, and other factors, murine residues were mutated to
human residues where murine and buman framework residues were different, with a few
exceptions. Additional humanization strategies were designed based on an analysis of
human germline antibody sequences, or a subgroup thereof, that possessed a high degree
of homology. i.¢., sequence similarity, to the actual amine acid sequence of the murine

antibody vartable regions.

Homology modeling was used to identify residues unique to the murine antibody
sequences that are predicted to be critical to the structure of the antihody CDRs. A
reference protein sharing sequence similarity 1o the target protein of interest and for
which three dimensional coordinates are known was used 1o obuin initial coordinates and
cuidance for their further refinement. The primary sequences of the reference and target

proteins are aligned such that coordinates of identical portions of the o prroteins are

122




i

L

20

aligned. Coordinates for mismatched portions of the two proteins, e.g., from residue
mutations, insertons, or deletions, are constructed from generic strucrural templates and
energy refined to insure consistency with the already aligned model coordinates. This
computational protein structure may be further refined or employed directly in modeling

studies.

The murine varisble heavy and variable light chain gene sequence of ZB5-8.0 was
separately aligned against 44 human immunoglobulin germling variable heavy chain or
45 germline variable Heht chain sequences (dertved from NCBI Ig BIAST websnte at

htin:/Awww nebinim.nih sovieblasvretnieveis himl i using Vector NTi software. A

combination of BLAST searching and visual inspection was used to identify sunable
reference structurcs. Sequence identity of 25% between the reference and target amino
acid sequences is considered the minimum necessary to attempt a homology modeling
exercise. Sequence alignments were constructed manually and model coordinafes were
generated with the program Jackal (Petrey, D, et al. Proteins 53 {Suppl. 63430435
(20037, For 2B5-8.0 humanization, based on & homelogy scarch against human V and J
segment sequences, the VH segment VHI-18 and the ] segment JTH4 were selected 1o
provide the frameworks for the hurmanized heavy chain variable region for 2B5-8.0. For
the 2B5-8.0 light chain variable region, the VL segment 01 and the ] segment JK4 were
used {see Tables 7 and §). The identity of the framework amino acids between 2B5-8.0
VH and the acceptor human VHI1-18 and JH4 segmenis was 80.2%, while the 1dentity
between 2B3-8.0 VL and the acceptor human 01 and JK4 segments was 90.3%.

Although a specific pair of preferred human framework acceptors VH/IH and VL/IK was
selected as acceptors for humanization of 2B5-8.0, 1t 18 known in the art that other human
framework acceptors with sequence identity of minimum 25% to mouse framework can
also be used for humanization of 2B3-8.0 and are therefor within the scope of this

mvention.

Table 7: Heavv Chain Acceptor Seguences For 2BS-8.0 Humanization

SEQ | Protein region | Sequence
in
Ho.

46
47
48
45




Table §: Light Chain Acceptor Sequences For 2B5-8.0 Humanization

SEQ | Protein region Sequence
In
W,

50
51
B3
53

The primary sequences of the murine and human framework regions of the

L

selected antibodies share significant identity. Residue positions that differed were
candidates for inclusion of the murine residue in the humanized sequence in order to
retain the observed binding potency of the murine antbody. Such framework region
amino acid substitytions (human residues that are back mutated to mouse residues) al a
key residuc are called framework back mutations, wherein the key residue is selected
10 from the group consisting of a residue adjacent to 2 CDR; a glveosylation site residue; a
rare residue; a residue capable of interacting with PGE2; a residue capable of inicracting
with a CDR; a canonical residue: a contact residue between heavy chain variable region
and light chain variable region; a residue within a Vernier zone, and a residue in a region
that overlaps berween a Chothia-defined variable heavy chain CDR1 and a Kabat-defined
15 first heavy chain framewerk. In an embodiment, the human acceptor framework
comprises at least one Framework Region amino acid substimution, wherein the amino
acid sequence of the framework is at least 65% identical o the sequence of the human
acceptor framework and comprises at feast 70 amino acid residues identical 1o the human
accepior framework. For humanization of 2B5-8.0, the framework region amino acid
20 substitation at a key residue is selected from the group consisting of M (human} to 1
{mouse) af position 48, V (human) to A {mouse) at position 68, M (human} t L (mouse)
at postion 70, and T (human) 1o 'V {mouse) at position 72 in the heavy chain variable
region; and | (human) to V (mouse) at position 2 and V (human) to L (mouse) at position

3 1 the light chain variable region.

28 The itkelihood that 4 given framework residue would mmpact the binding
properties of the antibody depends on s proximity 1o the CDR residues. Therefore,
using the model structures. the residues that differ between the muriae and buman
sequences were ranked according 1o their distance from any atom in the CDRs that likely

contact PGE,. Those residues that fell within 4,5 A of any CDR atom werce identified as
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most important and were deemed candidates for retention of the murine residue in the

humanized antibody (Le., frame work back mutation].

For humanization of the 2B53-8.0 antbody vanable regions, the generat approach
nrovided in the present invention was as follows. First, a molecular model of the 2B3-8.0
antibody variable regiony was constructed with the aid of the computer programs
ABMOD and ENCAD (Levitt, M., I Mol Biol. 168: 5395-020 (1983)), Next, basedon a
homotegy search against human V and [ segment sequences, the VI segment VHI-18
(The Immunogiobulin Facts Book. 2001, authored by Mane-Paule Lefranc and Gerald
Lefranc, published byAcademic Press) and the J sepment TH4 (1d.) were selected 1o
provide the frameworks for the humanized heavy chain variable region for 2BS-8.0, For
the 2B5-8.0 light chain variable region, the VL segment 01 (Id.) and the J segment JK4
(1d.y were used. The identity of the framework amine acids between 2B5-8.0 VH and the
acceptor human VH1-18 and JH4 segments was 80.2%, while the 1dentity between 2B5-
8.0 VL and the accepior human 01 and JK4 segments was 90.3%. The computer model
did not identify any significant contact residues with the CDRs that need to be back

mutaied. No further replacements were done.

Nine different versions of humanized 2B5-8.0, named as HU2BS. 1, HUZBE 2,
HU2ZBS.3, HU2BS 4, HUZRAZ, HU2BA.6, HUZBS.7, HU2ZBS.K and HU2B3.9, were
designed. The nine aptibodics were different in the framework back mutations at
positions 48, 68, 70, and 72 in the heavy chain variable region and positions 2 and 3 in

the light chain variable region as described above,

Table @: CDRs of Mouse Anti-PGE, Anfibody 2B5-8.6

SEQ ID Protein region Seguence
No.
LE345678901554
54 ChR H1 GYTFTEYWLE:
55 CDR-H2Z DIYPGYDYTHYNERFED
56 CDR~H3 SDESSTY
57 CDR-L1 TSSQONIVHSNGNTYLE
58 CDR~L2 KVSNRFSG
59 Chr-13 FOVSHVPYT

Table 14: Nine Humanized Anti-PGE. Antibodies With CDRs of 2BR-8.0




Protein region

”mSSQNIV
VKVS&RF
SGVPDREGGEGESG

‘TAVVYCERSDGSS?YWGQG”LVTVSS

63

Vi. HUZBS .2

DUVHTOTPLSLEVIEG EPLSISCTSSONIV
HSNGNTYLEW Y LOKPGOSEQ
SGVLDRESASGEGTONTLY L SRVEREDEY

vy

.‘VVYC}?SQGSSTYWGOGTLV?JSS~=vﬂ.

65 |

WL HUZB5.3

| HSNGNTYLEWYLORPEOSPOLLIYKVENRFE

DVLMTOTPLSLPVTPGEPAS ISCTSSONIV

SEVPDRETBESES!

YYCRQUVSHVPYTELGLTEVEIER

FTLEISRVERZDVEY

,hVQLVQSGk VKFECASVVVDCFRSGYTFTTT

f.%vyychhsnessmnggww

WTGDIYFGYDKTﬁy

q%¢J55

67

VL HUZ2RE 4

VIMTOTPLSLEVIPGERPRITE CTSSQNIV
HSNGNTYLEﬁV'Q'D”QODQLl'VKVSNRF
vagpv¢ 5658

] @ﬁxvyycéRBDGSSfﬁ*?Gi:};u

€9

VI BUZB5.5

JJVFT““PuﬁwﬁJTD’EPASI:”TSSQNKV
HENGNTYLEWYLOKPEQEPQLLIYEVENRE
SGVEDRFSESGEETOFTLEISRVEARDVGY
YYCFQVSHVPYTFGOGTREVITER

: EVQLV'

| NERFKDRVTL TTDTSTSTP?'

QGPEVKEPFAST’"SCK%SGYTFTﬂ;

"ygcaRSDassmyw@'

VI HU2BS.6

DYVHMTOTELELPVT ?AQ¢SCTSSQNIV
HSNGNTYLEﬂYLQn?wQSPQLLITKVSNRF
SGVPDRFSGEGSETRFTLRISRVEREDVGY

YYCFQVSHVEYTE
E ESVRVSURASGYTFT -
_;WMGQIYPGX?X&HiJ:
: (B
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SEQ
i3} Protein region
No .

73 VI BU2BLE.7

YYOROVEHVPYTE
T GHE ?ﬁpfAszVDCKﬁsﬁy@wn;

TR OTELELE

HSNGNTYLEWYLOHT
SGVEDRFSSSESGTD
YYCE‘QVSHV?YTF"‘CN.’F

TE 1 VL HUZ2R5.8

‘HEKE'KDRV“"M”*TDTST%
TRV YCAR SDESETYHG!
STaTRL

TSCTESONTV
OLLIYEVENRE

77| VL BUZRS.9

Y fCFQVSHV'PYTFC"‘ TEWVETHR

Exampie 4.2.2: Construction Of Humanized Antibodies

The in sifico designed humanized antibodies described m Example 4.2.1 were
constructed de nove using oligonucieotides. For each variable region ¢cDNAL 6
oligonucleotides of 60-80 nucleotides each were designed 10 overlap cach other by 20
nuclectides at the 5° and/or 2 end of each oligonucleotide. In an annealing reaction, all &
oligos were combined, boiled. and annealed in the presence of ANTPs. DNA polymerase
I. Large (Kienow) fragmeni (New England Biolabs #M0210, Bevertey, MAL Y was added
1o fill-in the approximately 40bp gaps between the overiapping oligonuclectdes. PCR
was then performed 1o amplify the entire variable region gene using two outermost
nrimers containing overhanging sequences complementary to the multiple cloning s$ite
= modified pTT3 vectors. The PCR products derived from each cDNA assembly were
separated on an agarose gel and the band corresponding 1o the predicted variable region
cDNA size was excised and purified. The variable heavy region was inserted in-frame
into a cDNA fragment encoding a wild-type human TgG1 constant region, or @ human
leG1 constant region containing 2 hinge-region amino acid mulations by homologous
recombination in bacteria. (Zhang, Y et al, Natwre Biotechnol, 18(12):1314-7 (2000}).

The mutations were a leucine to alanine change at position 234 (EU numbering) and a
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leucine (o alanine change at position 235 (Lund et al. I. Immuncl., 1472657 (1991 }).

The variable light chain region was inserted in-frame into a human kappa constant region
by homologous recombination, Bacterial colonies were isolated, plasmid DNA extracted,
and cDNA inserts were sequenced in their entirety. pTT2 vectors containing correct
humanized heavy and light chains corresponding to cach antibody were co-transfected
into HEK293 cells to transiently produce full-length humanized anti-PGE; antibodies.
Cell supernatants containing recombinant chimeric aptibody were purifled by Protein A
Sepharose chromatography and bound antibody was elited by the additon of 01N acatic

acid/0.15M NaCl (pH3.0). Antibodies were neufralized and dialyzed in PBS.

Example 4.2.3: Alternative Construction of Humanized Anti-PGE2 Antibodies

This example describes the humanization of an anti-PGE, antibody.
Humanizatior of the murine monoclonal antibody 2B5-8.0 was carmied out essentially
according 1o the procedure of Queen, C., et al, Proc. Natl. Acad. Sci. USA 86: 10029-
10033 (19%9), First, human V segments with high homology to the 2B5-8.0 VH or VL
amino acid sequences were identified. Next, the complementarity-determining region
(CDR) sequences together with framework amino acids important for maintaining the
structures of the CDRs were grafied into the scieeted human framework sequences. o
addition, human framework amino acids that were found to be rare in the corresponding
V region subgroup were substituted with consensus amino acids to reduce potential
Immunogenicity.

For humanization of the 2B5-8.0 variable regions, the general approach provided
in the present invention was followed. First, a molecular mode! of the 2B5-8.0 variabie
regions was constructed with the aid of the compuier programs ABMOD and ENCAD
(Levitt, M., . Mel. Biol. 168 393-620 (1983)). Next, based on a homology search
against human V and J segment sequences, the VH segment MUC-1"CL (Gnifiths,
AD. etal, EMBO I 12: 725-734 (1993)} and the J segment JH4 (Raveich, 1.V, et al,
Cell 27: 583-591 (1981)) were sclected 1o provide the frameworks for the Hu2B3-8.0
heavy chain variable region. For the Hu2B5-8.0 light chain variable region, the VL
segment TR1.37°CL (Porwolano, S, etal, J. Immunol. 151: 2839-2851 (1993)] and the |
segment JK2 (Hieter, P.A., etal., J. Biol. Chem. 257: 1516-1522 {1982)) were used. The

identity of the framework amino acids between 2B5-8.0 VH and the acceptor human
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MUCTH-1’CL and JH4 sepments was 76%, while the identity berween 2B5-80 VL and the
acceptor human TR1.37°CL and JK2 segments was 84%,

At framework positions in which the computer model suggested significant
contact with the CDRg, the amine acids from the mouse V regions were substitated for
the original human framework amine acids. For humanization of 2B5-8.0, the framework
region zmin acid substitution at a key residue is selected from the group consisting of M
{human) to T {mouse) at position 48, R (human) 1 K (mouse; at pusition 67, V {human)
1o A (mouse) at position 68, I (huinan to L (mouse) at position 70 and R (humanj eV
{mouse} at position 72 in the heavy chain variable region; and D (humanj to V (mouse) at
position 75 in the light chain variable region. In addition, 2 few amino acids have been
changed 16 the consensus amine acids in the same human variebie domain subgroups to
eliminate potential immunogenicity, which includes A to T substitution at position 76 Hyl
the heavy chain variable region, and E to D substitution at position T and L to 1

substitution at position 2 in the light chain variable region.

The protein sequences of the CDR grafied variable domains (VH and VL of
Hu2B5.P1) and the variable domatns which incorporated all the back mutations and
consensus substitutions (VI and VL of Hu2B5.P2) based on this humanization analysis
are provided below, It is understood in general that any lamanized version with one or &
fow such back mutations and consensus substitutions fall within the scope of this
invention. Antibody E comprised VH Hu2B5.P2 and VL Hu2B3 P2; Antibody
comprised VH Hu2B5.P2 and VL Hu2B5.P1; Antibody G comprised VH Hu2BS5.PT and
VI HuZB5.P2: and Anitibody I comprised VI Hu2B3 Pl and VL HuZB3.P'1.

Table 11: Humanized Anti-PGE2 Antibodies With CDRs of 2B5-8.0

SEQ
Protein region Sequence
In

Jr;tsax-ﬁvz’cfPﬁaswvacz bwmmcmmﬂ
ENMODEYPGYDY THYNERERD ' :
MBS SRS E DAV Y CARSDEE BT YNEIETIN TV
TLVMTOSPLE LPVTPGEPAS T CTSSONIVHSMONTYLEY
7¢ | VI EUZB5.PI ‘;wif“’“"Sv YEVSNRESSVPORISESESETDITL
DUV YCEOVEHVEYTEGOGTELETE

129
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SEQ
ID

Protein region Sequence

He .

LREALETEGOLE4567 001

IECTSSONIVHEENGNTYLEY

LEL

W

ey

g1 1 VL HUZBS . P2

Exampie 4.2.4: Characterization of humanized anti PGE, antibodies

The ability of the purified humanized anti-PGE, antibodies w bind PGE, was

etermined by biotin-PGE, ELISA or 3H-PGE: radiimmunoassay as described in

Exampie 1.1.A, Cross reactivity of the humanized anti-PGE; antibodies was determined

by competitive biotin-PGE, ELISA or 3H-PGE, radicimmunoassay as described m

Exampie 1.1.B, Inhibition of PGE, activity by the humanized anti-PGE; antibodies was

determined using a EP4 bicassay as described i Exampies 1.1.C.

All the humartized anti-PGE, antibodies were able 10 bind PGE, in a biovin- PGE;
ELISA (Figures 6 and 7; Table 12). The humanized anti-PGE, antibodies were able to
neutrelize and block PGE, mediaie calctum influx in an EP4 FLIPR assay. The
alternative designed humanized anti- PGE antibodies E, F, G and T were also able to
bind to PGE, in a "H-PGE, ELISA {Table 127, Hu2BS.7 was selected for further
characterization of prostaglandin binding specificity in a *H-PGE, competition ELISA

and demonstrated specificity to PGE: (Table 13).

Tahle 12: Characterization of Humanized Antibodies

HUZBS.1 | HUZBGD | HUZBE3 | HUZBSH D MuZBSS | HUZREE | HUZRET | HuTMAE | HuZBS.9
E I R 57 4 a7 as 7% g1 NT
5 5 a3 A 7 52 £ ol ow
: LT T ta 14 11 3 g5 MY
: ampviny R PR El T 0T ) e AL : 022 G1g ERT w18 040 N
coangec{%) ey ol <06 ] c0br © eg0i | <D 1 o<08 ] <00 cuot | =06 o NT
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Tabie 13: Characterization of Humanized Anti-PGE. Antibodies {continued)

Humanized
Anfibody
D

A

E

F

G

¥

VH/VL

HulBi9

VH HulB5.PY/
VE Hu2BS.P2

VEH HulB5.P2/
VE HulB5.Pl

VH HulB5.P1/
VL Hu2B5.P2

VH HulB5.PY/
VL Hu2B5.P1

PGE:
binding in
*H-PGE;
ELISA
{(C 0. M}

0.704

0.416

(1955




Table 14: Characterization of Prostaglandin Selectivity for Humanized Anti-PGE,

Antibodies Hu2B5.7

Anti-PGE, mAD IBS HulB4&-7.0
PGE2 100 160
PGE] 12 5.6
PG Selectivity PGA2 017 062
m H-PGE; PGD2 004 | <1X10™
compeuton PGF2g 0.25 .06
ELISA PG ©ONA 0.12
(CRL%) Tloprost NA 0.006
Carbaprostacyclin NA (.16
Pinane TXA2 NA 0.00016
15R-Pinane TXAZ NA 0.0029
Carbocyelic THAZ NA 0.00011
TXR2 L <0.00 <0.01
&-keto PGFIan 0.4 (.47
PGRZ oo 0.0004
8-izo PGFZo C002 0.06
13, 14-dihydroxyl- | <0.01 0.0092
15- :
Keto PGEZ ;
2 3-dinor-6-keto- | NA 0.19
PGFlu
13-keto PGE2 <001 6.011
19R-hvdroxy PGE2 | <601 0.07
| LTE4 L <0.0] 0.0}
5(S3-HETE L <001 <001
Arachidomic acid ~ <0.01 | <001

Exampie 4.2.4.A: Humanized Anti PGE, Antibodies Block Binding Of PGE,Teo

PGE- Receptor

Competitive inhibition of PGE; binding to PGE; receptors, for example £EP4, by
an anti- PGE: antibody can be determined by a celi-based or membrane based recepior
binding assay using *H-PGE; as described in Example 1.1 and a cell based FACS assay

as described in Example 1.1.E.

For a therapeutic mAb with serum half-life berween 10 and 20 days m man, the
serum concentraton is normally between 5-15 pe/ml, with a weeldy or bi-weekly IV or
SC Impk or less dosing regiment. Based on this calcuiation, bu2BS.1-Hu2B3.6 are Hkely

to completely (100%) biock PGE; binding to EP4 in vivo as a therapeutic mAD, at a
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serum concentration of 100 oM (or 15ug/mi}. under a conventional dosing regimen of a

monoclonal antibody.

Example 4.2.5: Biophvsice-Chemical Characterization of Humanized anti-PGE-

Antibodies

Criteria tested ranged from general drug-like property parameters such as,
parameters indicating intrinsic stability (differential scanning calonimetry or DSCY. and
general physical and chemical stability (e.g., purity including fragmentation and

ageregation monitoring by SEC).
Analytical methods used for biophysico-chemical characierizaton:

Example 4.2.5.1: Size Exclusion Chromategraphv (SEC)

Size exclusion chromatography was used 10 separate proteins bascd on size.
Proteins are carried in an aqueous mobije phase and through & porous stationary phase
resin packed in s column. The retention time in the column is & fanction of the
hydrodynamic size of the protein and the size of the pores in the packed resin bed.
Smaller molecules can penetrate into smaller pores in the resin and are retained Jonger
than larger molecules. Upon elution from the column the proteins are detected by UV
ahsorbance. The SEC method used a TSK gel guard (TOSOH. Biosciences,
Montgomeryville, PA, cat. no. 08543 ) and a TSK gel G3000SWxL (TOSOH Biosciences,
Montgomeryville, PA, cat. no. 08541}, The mobile phase was 100 mM Na2HPO4, 200
mM Na2804, pH 7.0. The flow rate was (.3 mL/minute. Injection volume was 20 pl. of
1 mg/mL sample. The column tempermre was room emperature. The autosampler
temperature was 2-8°C. The totl rup time was 50 minutes. The detection was based on
UV absorbance at 214 nm wavelength, with band width set at § nm, using reference

wavelength at 360 nin with band width 100 nm.

Example 4.2.5.1: Differential Scanming Calorimetry (DSC)

The thermal stability of the anti-PGE- antibodies was assessed using & DSC
instrument. The DSC instrument used was an automated VP-DSC equipment with
Capillary Cell (Microcal, GE Healthcare Lid./Microcal, Buckinghamshire, UK.

Unfoidine of molecules was studied applying a 1°C/minute scan rate over a 25°C - 95°C
g PRyIng
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temperature range for samples at | mg/ml. Additional measurement parameters applied
were 2 fitting period of 16 seconds, a pre-scan wait time of 1O minutes, and
measurements were performed in none- feedback mode.. Per individual measurement,
420 ul of sample/blank were filled into the DSC measurement sample holder, with &
plate fill scheme as provided below. The thermograms obtained were fitied 10 a non two

state model to obtain the midpoint temperatures and enthalpies of the different transitions.

An additional requirement for successful biologics development candidate is that
the protein remains its native state and conformation. A protein In aqueous solution 1§ n
equilibrium between the native (folded) conformation and its denatured (unfolded)
conformation. The stability of the native state is based on the magnitude of the Gibbs free
energy (DG of the system and the thermodynamic relationship between enthalpy (DH)
and entropy (DS} changes. A positive DG indicates the native state is more stable than the
denatured state — the more positive the DG, the greater the stability, For a protein 16
unfold, stabilizing forces need o be broken. Conformational entropy overcomes
stabilizing forces allowing the protein to unfold at temperatures where entropy becomes
dominant. DSC measures DH of protein unfolding due to heat denaturation. As a general
rule it can be stated that the higher the transition midpoint (the Tm}. the more stable the
protein at lower temperatures. During the same experiment DSC also measures the
change in heat capacity (DCp) for protein denaturation. Heat capacity changes associated
with protein unfolding are primarily due to changes in hydration of side chains that were
buries in the native state, but become solvent exposed in the denatured state. DSC has
been shown 1o be a valuable predictor of Tigeid formulation stabihity for proteins and
other biological macromolecules (Remmele, R.L. Jr,, Gombotz, W.R., BioPharm 13, 30-
46, 2000, and: Remmele, R.L. Jr., Nighthinger, N.S., Srinivasen. S., Gombotz, W.R,,
Pharm. Res. 15, 200-208, 1698

Example 4.2.6: Stability Of Humanized Anti-PGE, Antibody Hu2B5.7 During

Cione Selection Proecess

Example 4.2.6.A: Stability Of Humanized Anti-PGE; Antibodv Hu2BS.7 Using DSC
and SEC

The stability of 2 series of clones (1.e., anti-PGE» antibodies) of the parent anti-

PGE, antibody was assessed by using intrinsic thermodynamic clone stability



determination using DSC (0,79 mg/mL clone concentration, formulated at pH 6 in a 10
mM citrate, 10 mM phosphate buffer) and by accelerated stability screeming (0.79 mg/mL
clone concentration, formulated at pH 6 in & 10 mM citrate, 10 mM phosphate buffer. for

7 days at 30°C) where clone stability was monitored with SEC (Table 13).

Table 15: Formation Of Avvrevates And Fragments In BuZ2B3 bumpanized antibody

variants Hu?B5.1 - HulB5.9 Clone Samples As Determined By SEC (Start Of

Stability Studv}

Clone Aggregate (Yo ) Monomer (%) Fragment (%)

Hu2B5.1 1.8671 93.7885 4.4044
Hu2B35.2 1.846 G4 8516 3.3025
Hu2B5.3 2114 94,1987 36853
Hu2RS 4 2234 94,5513 32146
HulB3.5 1.5906 95.1406 3.2688
Hu2B3.6 1.8265 G5.446 2.7275
HulBs? 19668 95 5818 24514
Hu2BS.§ 21126 94,5969 3.2904
HuZB5.9 1.8559 95,6031 2.541
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Tabie 16: Formation Of Acereoates And Fragments In Hu2BS humanized antibody

variants Hu2B5.1 - Hu2B3.9 Clone Samples As Determined By SEC {7 Davs Starage
At 30°CY

Clone Apgregate (%) Monomer (Vo) Fragment (%)

Hu2B5.1 2.5611 91.6713 6.3675
HulB5.2 21753 93.1491 4,6755
Hu2B5.3 2.6042 923518 3.044
Hu2B3.4 2.1689 91.2889 6.5423
Hu2B5.5 1.901 93.7376 4.3614
Hu2B3.6 21577 EAR SN 4.0253
Hu2B3.7 2.205 G3.905 3.89
Hu2B5.8 2.5144 933016 4».1%.%4§
FHu2B5.9 1.9559 94,6313 3.4127

Tables 15 and 16 provide the results of SEC testing for up to 7 days storage of the
humanized anti-PGE, antihodies, showing the levels of monomer at the start and af the
end of the accelerated stability screening. Hu2B3.7 and Hul2B5.Y revealed the highest
monomer levels after 7 days accelerated stability screeming. The results shown in Table
17 demonstrated that hu2B3.7 also had & very favorable intrinsic stability profile (DSC

datay compared 10 other clones of the panel (e.g., HuZBS 4}

An 1gG amibody sypically shows three unfolding transitions (Tm): unfolding of the intac
antibody is associated with the melting of the CH2 domain in the Fo Fagment, mehing of the CH3
domam 1o the Fe fragment, and meling of the Fab fragmem. In order w select anti-PGE,
antibodies with desirable drug-like properties, clones with high T values and hgh mirmsic

siabibiry such as Hu2RBS.7 were selecied (Table 175



Table 17: Inirinsic Thermodvaamic Clene Stability Determination Of Humanized

Anti-PGE, Antibodv Clones Via DSC (0.79 mg/mL Clone Antibedv Concentration,

Formulated At pH 6 in 2 10 mM Citrate, 10 mM Phosphate Buffer}

Clone  [Tml ¢°C) Tm2Cy  Tm3 )

Hu2B5.1 72,835 75.02 82.745
Hu2BS.2 72.845 75.08 82.67
Hu2B5.3 72.67 72.96 82.67
Hu2Bs.4 71.095 72.41 82.58
Hu2B5.5 7331 75.755 82.97
Hu2B5.6 73.035 73585 82.95
fu2B5.7 7267 75445 82.?95
Hu2B5.8 72.96 75.33 82.83
Hu2B5.9 73.235 75,965 83.04:

Example 4.2.6.B: Capillary Zone Electrophoresis of Hu2B3.1-Hu2B5.9

Capiliary zone electrophoresis is a capillary electrophoresis method 1n which the
capillary is filled with buffer and the separation mechanism is based on differences in
electrophoretic mobility of the analyte through the buffer. The electrophoretic mobility
of & molecule is related 1o the charge-to-size ratio. A Becliman-Coulter ProteomeLab PA
%06 (Beckman Coulter, Fullerton, CA) was used for the CZE analysis. A neutral
capillary (eCAP neatral, 36 cm total Jength, 56um L D. Beckman-Coulter, P/N 477441,
Fulierton, CA) was nsed. The method used a 30.2 om capillary with a detection window
20.2 o from the sample introduction miet. The running buffer was 100 mM EACA (6-
Aminocaproic acid, Sigma A7824-100 G, St. Louis, MO) with 0.1% MC (from 1%
Methvicellulose sotution, Convergent Bioscience, cai® 101876, Toronte, ON, Canada),

pH
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The results showed that Hu2BS 1, Hua2B3 .3, Hu2BS .5, Hu2BS 7, HuZBs G
migrated more basic (e.g., they had 2 shorter migration time) than Hu2B5.2, Hu2B3.4,
Hu2BS.6, Hu2B5 8. This may be due to the fact that Hu2BS. 1, Hu2BA .3, Hu2B3 5,
Hu2B5.7, Hu2B5.9 all have R at heavy chain #84 aming acid, while the other four
samples have S at the same position. All nine samples showed 2 main peak and minor
acidic and basic species, but there was not much difference among the disrribution of the

different species.

Example 4.3: Crvstallization of Hu2B5.7 Complexed to PGE2

The Fab portion of Hu2B5.7 is complexed with PGE, and crystals of the complex

are generated as follows.

Example 4.3.1: Preparation and Purification of Hu2B5.7 Fab Fragment

To prepare Hu2B5.7 Fab fragment, Hu2B35.7 1gG in 0.15 M PBS buffer is first
concentrated to 2 mg/ml using an Ultrafree- 15 Biomax 10 kDa molecular weight cut-off
(MWCO) centrifugal filter device (Millipere). A papain gel siurry (Pierce) is pre-washed
and charged in 2-3X with Buffer A (20 mM NapHPQy, 16 mM EDTA. 20 mM cysteine)
at & 1:1 volume ratio. The concentrated antibody is then mixed witk 50% papain gel
slurry and incubated at 37 °C for 24 hours with vigorous shaking. The antibody/shurry
mixture is centrifuged (Beckman 6KR) and the supernatant is loaded onto a PBS pre-
equitibrated Superdex 75. A major peak is efuted and protein is pooled. A 25 mL Protein
A Sepharose 4 Fast Flow affinity column (Amersham Pharmacta) is prepared by washing
with 100 mL of PRS. The pooled antibody fragmenis are applied to the affinity column
(2 mL/min flow rate). Fractions containing Hu2B5.7 Fab fragments (monitored by UV
absorbance at 280 nm) are coliected in the flow-thru. Fractions containing a Hu2B3.7
Fab fragment concentration greater than 0.3 mg/mL (determined by UV absorbance at

2%0 nm) are pooled and frozen at -80 °C. Sample purity is assessed with SDS-PAGE,

Example 4.3.2: PGE2/Hu2BS.7 Fab Complex Preparation

PGE? and Hu2bs.7 Fab protein are mixed at & 111 molar ratio and incubated for |
hour at 4 °C. The complex sample is Joaded onto a pre-equitibrated (20 mM Trs pH 7.5,
150 mM NaCl) Superdex 200 column at 0.5 ml/minute. The complex is povied and

concentrated to 24 mg/mL using an Ultrafree-15 Biomax 10 kDa molecular weight cut-

[¥E]
o
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off (MWCO centrifugal filter device (Millipore; and frozen at -#0°C. Sample purity 18
assessed with SDS-PAGE.

Example 4.3.3: Cryvstallization of PGE2/Hu2B5 7 Fab Complex

Frozen PGEZ/Hu2BA5.7 complex stock (~24 mg/ml) is thawed on ice, The
complex (1.0 ulyis mixed with 1.0 uL of reservoir solution (1.75 M Ammonium Suifate,
100 mM MES pH 6.5, 10 mM CaCI2). The resulting drop is mixed in 2 sitting drop well
{CrysChem sitting-drop plate) over the reservoir at about 18°C. Diamond-like crystals

generally appeared within one week.

Exampie 4.3.4: Crvoprotection and Flash Cooling of PGE2/Hu2B5.7 Fab Complex

Crvstals

Crystals of PGE2/Hu2B5.7 Fab complex are harvested using a fiber loop in
mother hquor ~ 20% giycerol. The crystals are subsequently flash-cooled by plunging

o liquad nitrogen,

Example 4.3.5: X-rav Diffraction Data Collection of PGE2/TIu2B3.7 Fab Complex

X-ray diffraction datz from PGE2/Hu2BE.7 Fab crystals are collected at the
IMCA beamline at the Advanced Photon Source in Argonne, Il The crystals are
maintained at & temperature of 106 K with an Oxford Cryosystems Cryostream cooler
during data collection. A total of 180 frames arce collected at an oscillation range of 1.0%
The data are processed with the HKL2000 suite of programs (Otwinowski and Minor,
1997). Afier determining the crystal orlentation, the data arc integrated with DENZO and
scaled and merged with SCALEPACK, and placed on an absolute scale and reduced w
structure Tactor amplitudes with TRUNCATE (French and Wilson, 1978}, Five percent
of the unique reflections are assigned, in a random fashion, 1o the “free” set, for
calculation of the free R-factor (Rfrec) (Briinger, 1942); the remaiming 95% of the

reflections constitute the “working™ set, for calculation of the R-factor (R).

Example 4.3.6: Molecular Replacement Solution and Refinement of PGE2/Hu2BS.7

Fab Complex Crvstal Structure
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A meximum likelihood molecular replacement solution s determined using the
program PHASER (Read, 2001}, A total of six PGE2/Hu2BS.7 monomers are solved at
3.0 A resolution an appropriate space group. The search model is the crystal structure of
Fab reported previously (Protein Data Bank entry 1BJL Muller et al. 1998} Coordinates

are generated based on the molecular replacement sohution.

The refinement of the PGE2/Hu2BS 7 Fab complex crvstal structure begins with
the molecular replacement solution coordinates, described above, in an appropriate space
group. Refinement begins using rigid-body refinement by the program REFMAC
available in the CCP4 suite of programs (Murshudov et al., 1997, Collaborative
Computational Protect, 19%4). De nove PGE2 electron density is observed, Manual
building of six PGEZ monomers is guided by the public PGEZ NMR souctare LIUZ (Moy
et al., 2001) using the molecular graphics program O (Jones et al, 1991 and examination
of 2Fo-Fc and Fo-Fc electron-density maps. The refinement program REFMAC
Murshudov ef alb., 1997) is used for iterative rounds of restrained refinerent resalting in

the following statistics: R of 25.8% (Rfree 30.5%).

Exampie 5.0: Pharmacokinetic Analvses

Example 3.1: Pharmacokinetic Analysis Of Recombinant Mouse Anti-PGE>

Antibedies

Pharmacokinetic studies with mouse mAb 2B3.8.0 were carnied out in Sprague
Dawley rats and Balb/C mice. Male and fernale rats and mice were dosed intravenously
or intraperitoneally (mice only) with  single dose of 4 mg/kg 2B3.8.0 and serum samples
were analvzed using antigen capture based chemluminescent MSID (Meso Scale
Discovery) method (Meso Scale Discovery, Gaithersburg, Maryland).
Pharmacokinetic parameters were calculated by non-compartmental analysis using

WinNonlin.

Example 3.1.1: Assav Used To Quantitate 2B5.8.0 in PK Serum Samples

The following MSD assav was used to measure antibody concentration in rat and
mouse serum. MSD streptavidin plates (Meso Scale Discovery, Gasthersburg, MD) were
washed with phosphate buffered saline contaiming 0.05% Tween-20 (Sigma, St Louss,

MO, Piates were blocked with 250 pl/well biccking solution (MSD Bleck, Meso Scale

148
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Discovery, diluted to 3% final concentration in PBS) for 1 hour, covered, with shaking
{600rpm) at room temperature, After washing, 70 uL of biotinylated PGE,
(Prostoglandin E2-biotinamide, Cayman Chemical, Ann Arbor, Michigan, cat¥
10006987, 1otE 190831191028, 0.Glug/mL in assay buffer) was added w each weil, The

plates were covered and incubated with shaking (600 rpm) for 1 hour at room temperature

Prior to analysis, rat and mouse serum samples were thawed on ice, mixed gently,
and centrifuged at 14,000 rpm for 3 minutes at 4°C in an eppendorf centrifuge. Standard
curve and control samples were prepared in rat and mouse serum. A Tecan Evo
automated liquid handling station was used to dilute standard curve, high. medium. and
low controls, and serum samples in assay buffer, keeping 19 final serum concentrauon
constant. MSD plates were washed again and study samples, standard curve samples and
blanks, as well as high, medium, and low contols were added (70uLswell}. The plates

were covered, and incubated for 1 hour with shaking (600 rpm) at room temperature,

After incubation, the MSD plates were washed, and 70pL. of sulfo-tagged goat
anti-mouse 1gG (Meso Scale Discovery: diluted to Tug/mL in assay buffer} was added to
cach well. The MSD plates were covered, and incubated with shalking (600rpm)} for |
hour at roam temperature, then the plates were washed and developed with 2x Read
Buffer (Meso Scale Discoveryy. Chemilumeniscence was measured within ten minutes

on the MSD Sector Imager 6600,

Standard curves were analyzed using four-parameter logistic fit and sample
concentrations were calculated by XLfitd software version 2.2.1 Build 16, (Microsoft
Corporation, Redmond, WA). Pharmacokinetic parameters were caiculated for each
animal using Winonlin software version 5.0.1 (Pharsight Corporation, Mountain View,
CA) by noncompartmental analysis.

Example 5.1.2: Pharmacokinetic Studies of 2B5.8.0 Carried Out In SD Rats And
Balb/C Mice

Surgically altered (jugular vein cannuiated, JVC) and regnlar male and fomale
Sprague-Dawley Rats (approximately seven weeks old, weighing 240-390 grams) were
purchased from Charles River Laboratories (Wiimington, MA). The animals were

housed in rooms maintained at constant temperature and humidity under 12hours

141
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light/dark cycle, fed with normal rodent chow and were allowed food and water ad

libitum. Hyvdration and clinical conditions of the animals were monitored daily.

wMale and female Balb/c mice (weighing approximarely £.025 kg were purchased
from Charles River Laboratories {Wilmington, MA . The animals were allowed food and
water ad libitum. Blood sampies were collected (0.2 mL from the rats via the fail vein
and by cardiac puncture from the mice) at various timepoints (3 mice at each timepoint)
allowed 1o ciot for 30 minutes at room temperature, centrifuged for 3 minutes at 13,200

mpm, the serum transferred 1o eppendorf tubes and stored frozen at -80°C.

Following inravenous administration in rat, 2B5.8.0 exhibited bi-exponential
decay, typical of antibodies. 2B35.8.0 clearance and volumes of distributions were low
(Table 18), and haif-life was long, T1/2: 9.1 and 8.9 days (male and female respectively).

Large inter-animal variability was seen among female rats, however not in males.

Following TV administration in Balb/C mice, 2B5.8.0 showed very long half-lives
263 and 16.2 days, male and female respectivety) with tow clearance and volumes of
distributions {Table 18). Following intraperitoneal administration in mice, at the early
timepoints jarge inter animal variability was observed in the females. Absorption was
slow, with high Cmax of 37-49 ug/m! reached by 1-2 days. The half-life was long (13.%-

16.1 days) and the bioavailability was good (65.8- 72.0%).

Table 18 Main Pharmacokinetic Parameters Of ZBS 8.6 Iy Sorague-Dawley Rats
And Balbh/C Mice

™
T C1. Vi Vg AUC MRT

Species (mLirikg
/dose (davy} } {mb/kg} (ml/kes | (mgshriml} {davy)
Ral MN=3y 19 1+13 | 0412003 | 12741891 122+ 9G+07 | 126+1.6
4 mglkg) 18.5

FN=3} | 85+22| 0372013 | 100431 ] 88262 | 120246 | 10833
Menise M 26,3 i3 138 134 265 318
(4mpkgy | F 162 (16 g3 29 245 ZZR
13
Species C e Timax I MRT AUC, . ¥
/dose {ug/mL) {day} tdav} {dav) {migebrimly (%0}
Mouse M 375 2 16 334 1G4 7z
(4 meke) | E 492 ; 38 193 16.1 658
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Example 5.1.3: Pharmacokinetic Analysis Of Recombinant Humanized Anti-PGE»
hu2B5.7 and hulBS4

Pharmacokinetic studies with hu2B3.7 and hu2BS5 .4 were carmied out in Sprague
Dawley rats, Male rats were dosed intravenously with a single dose of 4 myfkg of

hu2B3.7 and hu?B5.4 and serum samples were analyzed using antigen capture based

chemiluminescent MSD (Meso Scale Discovery method. Pharmacokinetic paramerers

were calculated by non-compartmental analysis using WinNonlin,

Exampie 5.1.3.1: Assav Used To Ouantitate Hu2b3.7 In PK Serum Samples

The following MSD assay was used to measure hu2B5.7 and hu2B5.4

CORCEntrations in rat serum.

MSD streptavidin plates (Meso Scale Discovery) were washed with phogphate
buffered saline comaining .05% Tween-20 (diluted from 10X PBS, Abbott Bioresearch
Center, Media Room, Worcester, MA and Tween-20, Sigma, St. Louis, MO). Plates were
blocked with 250 pL/well blocking solution (MSD Block, Meso Scale Discovery, difuted
to 3% final concentration in PBS) for 1 hour, covered, with shakmg (600rpm} at room
temperature. After washing, 70 ul of biotinylated PGE2 (Prostoglandin E2-biotinamide,
Cayman Chemical, Ann Arbor, Michigan, cat# 10006987, lot# 190K31-191028;
0.01ug/mL in assay buffery was added to each well. The plates were covered and

incubared with shaking (600 rpm) for | hour at room temperature.

Prior w analysis, rat serum samples were thawed on e, mixed gently, and
centrifuged at 14 000rpm: for 3 minutes at4°C in an cppendorf centrifuge. Standard
curve and control samples were prepared in rat serum. Tecan Evo automated liquid
handling station was used to dilute swndard curve, high, medium. and jow controls, and
serum sampies in assay buffer, keeping 1% final serum concentration constant. MSD
plates were washed again and study samples, standard curve samples and blanks, as well
as high, medium, and fow controls were added (70uL/well). The plates were covered,

and incebated for 1 hour with shaking (600 rpm) at room temperature.

After incubation, the MSD plates were washed, and 70uL sulfo-tagged goat anti-
human fgG (Meso Scale Discovery; diluted to Tug/mL in assey buffer) was added 1o each
wall. The MSD plates were covered, and incubated with shaking (600rpm} for 1 hour at

room temperature, then the plates were washed and developed with 2x Read Buffer
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(Mese Scale Discovery). Chemilumeniscence was measured within ten minutes on the

MSD Sector Imager 6000

Standard curves were analvzed using four-parameter fogstic it and sample
concentrations were calculated by X104 software version 2 2.1 Build 16, (Microsoft
Corporation, Redmond, WA Pharmacokinetic parameters were caleulated for cach
animal using Winonlin software version 5.0.1 (Pharsight Corporation, Mountam View,

CA) by noncomparnmental analysis.

Example 5.1.3.2: Pharmacokinetic Studies Carried out in Sprague-Dawley Ratg

Surgically altered (juguiar vein cannulated, JVC) male Sprague-Dawiey Rats
(approximately seven weeks old, weighing 240-390 grams) were purchased from Charles
River Laboratories {Wilmington, MA). The animals were housed in roems mamtained at
constant temperature and humidity under a [ 2hour light/dark cycle, fed with normal
rodent chow and were allowed food and water ad libitum, Hydration and clinical

conditions of the animals were monitored daily.

0.2 mL blood samples were collected from the rats at various umepoints, allowed
i¢ clot for 30 minutes at room temperature, centrifuged for 3 minutes at 13,200 rpm, the
serum transferred 1o eppendorf tubes and stored frozen at -80°C.

Following intravenous administration, hu2B5.7 and huZB35 4 serum
concentrations declined bi-exponentially, tvpical of antibodies. Hu2B5.7 and hu2B5.4
clearances and volumes of distibutions were low and half-lives were long; T1/2: 12.4
days for both antibodies (Table 19). After about 10-14 days, several anmals exhibited
unexpected drops in serum hu2B3.7 concentrations. These sudden drops may have been
due to the development of anti-drug antibodies (ADAY, however, this was not confirmed.
Animals with possibie ADA responses were omitted from the final pharmacokinetic

caleulanons.
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Table 19: Main Pharmacokinetic Parameters of hu2B5.7 and hu2B5.4 in Male

Sprague-Dawley Rats After an Intravepous Dese of 4 mg/ksg

v

% 1. Yz Vs Ao MRT

emi/hr/ky (mgehr/iml

Ab /dese {dav) } fmL/Ag} {mL/kg) } iday}
haZis.7 s (N=33 | 1240 G4 2007 176 = 308 65+ 9+ 1.8 168 = 1.4
4mglkg 19.8
hulBS4/ | (N=4) | 124451 | 035007 | 1432402 145+ HR+20 | 18060
dmgkg 318

Example 4.4: In Vive Efficacy Of Recombinant Mouse And Humanized PGEZ

Antibodies

The in vivo efficacy of ant-PGE2 antibodies Is assessed as follows.

Example 4.4.1: In Vive Efficaev Of Mouse And Humanized Anti-PGE2 Antibodies

In a3 Carrageenan-Induced Footpad Edema Model

Carrageenan-induced Footpad Edema is an acute rodent model of innate immune

fanction. The in vivo efficacy of mousce anti-PGE? antibody 2B5-8.0 is assessed in &

carragenan-induced paw edemne model. The induction of paw inflammation with

carrageenan is performed similarly as previously described (Joseph P. Portanova, etal. J.

Exp. Med. 184: 883-891 (1996)). Intradermal (D) injection of an inflammatory agent

causes # rapid influx of neutrophils and fluid edema which peaks at approximately 4

hours, followed by an influx of macrophages and monocytes which peaks at

approximately 48 hours. C57.BL/ mice {8-10-week-old, Jackson Laboratories, Bar

Harbor, ME) were injected 1D in the rear footpad with 30ul. of either PBS (left) or 7

carrageencn (Sigma Aldrich. St Louis, MO) in PBS (right} at 2 concentration of 5.0

mg/ml (130ng/mouse). Rear footpad thickness was measured by Dyer spring caliper

model #310-119 at baseline {time=0), and 4 hours post carrageenan challenge.

Sienificant difference for paw thickness was determined by comparing mean paw
& E &

swelling for each trearment group to vehicle in a Swdent’s two-tatled t-test. Mice were

given a dose titration of an anti-PGE amibody (2B5-8.0) intraperitomally (IP) 18 hours

prior to carrageenan challenge, or Indomethacin, PO 2 hours prior to chalienge. The

endpoint measured was the difference in paw swelling (edema) between night and left

paws 4 hours after weatment. The anti-PGE+ antibody inhibited paw edema dose-




1Ay

it

0

12
th

ependently, and provided a maxizal 40-30% inhibition of paw swelling at 10 mg/kg,

comparable o the maximal inhibition achieved by indomethacin (Table 20),

Table 20: Paw Swelline In Mouse Carraseenan-Indcued Fooipad Edema After
Ab Treatment

Vehicle Anti-PGEZ Indomethacin

{PBS) (30 mg/kg, Lp.) 3 mg/keg, p.o.)
A Paw Swelling (mm) (857 + (.06 0529004 0486 = 0.03
% Irchibition NA 3% 4.6 57 3%

Example 4.4.2: 1n Vive Efficacy Of Mouse And Humanized Anti-PGE, Antibodies

In s Carrageenan-induced Hvperalgesia Model

The i vive efficacy of mouse anti-PGEZ antibody 2B5-8.0 and humamzed anti-
PGE? antibody Hu2B5.7 15 assessed by determining carragenan-induced hyperalgesia
The induction of paw mflarmmaton with carrageenan 1s performed as previously
described (Joseph P. Portanova, et al, I, Exp. Med. 184; 883-891 (1996)), Hvperalgesia
1s induced by the injection of .1 ml of 2 0.1%s carrageenan solution in steriie saline
{FMC Corp., Rockland, ME} into the hind footpad of 2 200-g male Sprague Dawiey rat
{Charies River Laboratories, Portage, ME}. A hyperalgesic response to thermal
strmulation 1% determined in the same animals by the method of Hargreaves et al. Pam.
32:77-8% {198RY). Hind paws are exposed 1o radiant heat emitted from & high intensity
projection bulb at selected {imes after myection. The amount of ume in which cach hind
paw remains in contact with the heat source is measured to the nearest 6.1 5. The
hyperalgesic response is expressed as the difference in the latency withdrawal period
between carrageenan- and saline-injected paws of each animal. In certain expenments,
rats arc administered indomethactn by oral gavage in 0.5% Methocel/0.025% Tween 80
(Sigme Chemical Co., St Louis, MO I howr before carrageenan admumstration. Other
rats are mjected intraperitoneally with mouse antu-PGE2 mAb, 2B5-2.6, or humanized
anti-PGEZ amtibody, Hu2BS5.7, or isotype-matched antibody 18 hours before carrageenan

mjecuon.

Example 4.4.2: In Vive Efficacy Of Mounse Anti-PGE, Antibodies In Cellagen-

Induced Arthritis
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Type 1l bovine collagen (lyophilized) was obtained from the University of Utah
(Salt Lake City, UT). Male DBA/J mice (8-10-week-old, Jackson Laboratories, Bar
Harbor, ME} were immunized intradermally at the base of the til with 100 ul of
emulsion containing 100 ug of type [T bovine collagen dissolved in G.1 N of acetic acid
and 100 ug of hea-inactivated Myvoobacterivm tuberculosis H2TRa {Complete Freund’s
Adjuvant, Difco, Laurence, KS). Twenty-one days after immunization with collagen,
mice were boosted IP with I mg of Zymosan A (Sigma, St. Lous, MO). Following the
baosi, mice were monitored daily for arthritis, Fach paw was scored by the following
criteria: 0 = normal; 1 = swelling in one site, foot, or ankle; 2 = swelling in foot and
ankle; and 3 = ankviosis. Scores were summed for each animal, and total average of all
animals in cach group was expressed as MAS, In addition to clinical scores, mice were
also evaluated for paw-edeme using Dyer spring calipers model #310-119. Mice were
enrolied for the study between days 24 and 28 at the first chinical signs of discase. Atthe
termination of the experiment, six paws from each group were harvested and stored in

10% neutrai buffered formalin for micro CT and histology.

Micro-computed tomography was performed on & Scanco pCT-40 anit (Scanco
Medical AG) at 60kVp at 160 pA. The hind paws (stored in 70% cthanol} were secured
in imaging tubes and the tarsal bone volume was measured for a 1.8-mm section of the
mouse ankie from the base of tie tibia (o the tarsal/metatarsal joint at a reselution of 18
pm. The raw micro-computed tomography image was then analyzed using the Scanco

AG uCT Evaluation program.

For histopathology analysis, formalin-fixed paws were sectioned and stained with
Gills 3 hematoxylin (Richard-Alian Scientific, Kalamazoo, M) and eosin with phloxine
{Newcomer Supply, Middleton, MI}. Severity of discase was cvaluated histologically
using the following criteria: O = normal: 1 = minimal change; 2 = mild change; 3 =
moderate change: and 4 = severe change. Scores were summed for cach animal, and the

wal was expressed av an average of ell animals in each group.

The therapeutic effects of anti-PGE2 alone was evaluated in mouse (male
DBA/LI; coliagen-induced arthritls, 2 standard preclinical mode!l for human rheumatoid
arthritis. Drug treatment was initiated after the mice deveioped signs of arthritic discase

after immunization with bovine type 11 collagen. Mice were scored visually for clinical



i

1G

i

20

1.7
i

signs of arthritis and the results were recorded s the mean arthritic score (MAS). Paw
swelling and MAS monitored over time, were also represented as area under the curve
(AUCY (Table 213, Afier disease onset, treatment with anti-PGEZ mAb 2B5 reduced the
ALIC for MAS by 22%,

Table 21: Disease Score, Swelling And Bone Volume In Mouse CIA After Anti-
PGE~ 2B5-R.0 Treatment

Vehicle Anti-PGEZ
{PBS}) {8 myg/kg, 2X/week, Lp.)
MAS (AUC)
74 +73 57.4 +6.7
(Score # days)
Paw Swelling (AUC) .
143+ 1.6 84 + 13
{mm # days)
Bone Velume (mm’) 12 00 1601

Example 4.4.2: In Vive Efficacy Of Mouse Anti-PGE? Antibodies In Adiuvant-

Ilnduced Arthritis

The in vive efficacy of mouse anti-PGE2 antbody 2B3-8.6 is assessed in an
adjuvant-induced arthritis model. Arthritis is induced in male Lewis rats (Harlan,
Indianapolis, INY by footpad injection of Mycobacterium huryricum in mineral oil (Difco
Laboratories, Detroit, MI) as described previousty. Dexamethasone and indomethacin
(Sigma Chemical Co.) are suspended in Methocel/Tween and administered twice daily by
gavage at dosages of 0.1 and 2 mg/kg, respectively. 2B5-8.0 and isotype control are
administered daily at a dose of 10 mg/kg by intraperitoneal injection. Treatments are
initiated on day 15 post adjuvant injection and conunued unti! final assessment of paw
volume of uninjected contralateral paws on day 21. Mice are carefully examined twice
weekly for the visual appearance of arthnitis in peripheral joints, and scores for disease

activity are determined.
Incorporation By Reference

The contents of all cited references (including Hterature references, patents, parent
applications, and websites) that maybe cited throughout this application are hereby

expressly incorporated by reference in their entirety, as are the references cited therem.

148



wh

o

The practice of the present invention will employ, anless otherwise indicated,
conventional technigues of immunology, molecular biolegy and cell biology, which are

et s

well known in the art.
Egutvalents

The invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments are therefore 1o
be considered i all respects illustrative rather than limiting of the invention described
herein. Scope of the invention is thus indicated by the appended claims rather than by the
foregoing description, and all changes that come within the meaning and range of

equivaiency of the claims are therefore intended to be embraced herein.
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We claim:

1. A CDR-grafted binding profein or fragment thereof comprising an antigen binding
domain, said binding protein capable of binding PGEZ, said antigen binding
domain comprising at least one CIOR comprising an aming acid sequence

2 selected from the group consisting of 1 GYTFTRYWLG (SEQ ID NO: 543,
DIYPGYDYTHYNEKFKD (SEQ 1D NO: 553, SDGSSTY (SEQ 1D NO: 56),
TSSONIVHSNGNTYLE (SEQ D NO: 573, KVSNRFSG (SEQ 1D NO: 58],
FOQVSHVPYT (SEQ D NO: 39,

2. The binding protein of claim 1, wherein the binding protein, or fragment thereof, is
10 capable of modulating & biological function of prostaglandin Es.

. The binding protein of claim 1, wherein the binding protein, or fragment thereof, is

capabie of neutralizing proswmglandin ks

4. The binding protein of claim 1, wherein the binding protein, or fragment thereof, is
capable of preveniing the binding of prostaglandin E; to the prostagiandin

15 receptor EP L

L

. The binding protein of claim |, wherein the binding protein, or fragment thereof, is
capable of preventing the binding of prosteglandin E; w at least one
prostaglandin E, receptor selected from the group consisting of EPL, EP2, EP3.

and EP4.

20 &. The binding protein of claim 1. wherein the binding protein, or fragment thereof,
binds prostaglandin E, with an ECs selected from the group consisting of
about 1107 to about 1x107 M, about 1107 to about 1x10° M, ahout 1x10®
1o about 13107 M, zbout 107 to about 107°M, about 1x107° 10 about 1x10™"

M and about 107 to about 1072 M using an ELISA assay.

23 7, The binding protein of claim 1. wherein the binding protein, or fragment thereof
inhibits calcium influx induced by prostaglandin s to the prostaglandin Es
receptor EP4 in an EP4 receptor mediated FLIPR assay with an ICan selected

from the group consisting of about 1x10° 10 about 1x107 M, abowt 1107 to

L30
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about 1x10™ M. sbout 13107 10 about 1x10° M, about 107 to about 107 M,

about 1x107' to about 12107 M and about 107 to about 1077 M.

%. The binding protein of ¢claim 1, wherein the binding protein, or fragment thereof,

has been affinity mararated.

9. A binding protein, or fragment thereof, comprising an antigen binding doman, the

I

Lid

binding protein capable of binding prostagiandin E,, the antigen bindmg
domain comprising at least cne CDR comprising an amine acid sequence
selected from the group consisting of SEQ 1D NOs: 6, 7, 8,10, 11, 12, 14, 15,
16, 18, 19,20, 22, 22,26, 27, 28, 30, 31, 32,34, 35, 37,38, 39, 34, 55,56, 57,

58, and 59

A binding protein, or fragment thereof, comprising an antigen binding domain,
the binding protein capable of binding prostaglandin Es, the antigen binding
domair comprising at least one VH region comprising an amino acid sequence
selected from the group consisting of SEQ 1D WOs: 5, 13, 21, 25, 33, 44, 42,

and 44,

A binding protein, or fragment therzof, comprising an antigen binding domain,
the binding protein capable of binding prostaglandin Eo, the antigen binding
domain comprising at least one VI region comprising an amine acid sequence
selected from the group consistng of SEQ T NOs: 9, 17, 24, 29, 36, 41, 43,

and 45,

A humanized binding protein, or fragment thereof, comprising an antigen
binding domain, the binding protein capable of binding prostaglandn Eq, the
antigen binding domain comprising at least one CDR region comprising an
amlino acid sequence selected from the group consisting of SEQ ID NOs: 54-

36

The binding protein of claim 9, wherein the binding protein comprises at least 3

{DRs.

The binding protein of claim 13, wherein the at least 3 CDRs are selected from
el

a VH CDR set selected from the group consistng of SEQ 1D NOs: 6,7, and &
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SEQ 1D NOs: 14, 15, and 16; SEQ ID NOs: 14, 22, and 23; SEQ 1D NOs: 26,
27, and 28; SEQ ID NQOs: 26, 34, and 35; and SEQ ID NOs: 54, 55, and 56

The binding protein of claim 13, wherein the ai least 3 CDRs are selected from
a VL CDR sef selected from the group consisting of SEG 1D NOs: 10, 11, and
12 SEG ID NOs: 18, 19, and 20; SEG ID NGs: 30, 31, and 327 SEQ 1D NOs:
37. 3%, and 39; SEG 1D NOs: 57, 58, 39

The binding protein of claim 13, wherein the at east 3 CDRs comprise a VH

CDR set of amine acid sequences of SEQ ID NOs: 54, 55, and 56 and/ora VL
CDR set of amino acid sequences of SEQ T NOs: 57, 58, and 36

The binding protein of ¢claim 9, wherein the binding protein comprises at least

two varlgble domain CDR sets.

18. The binding protein of claim 17, wherein the at least two variable domain CDR

sets are seiected from a group consisiing of SEQ 1D NOs: 6, 7, 8 and SEQ 1D
NOs: 10, 11, 12;: SEQ ID NOs: 14, 15, 16 and SEQ ID NOs: 18, 19, 20 SEQ
1D NOs: 14,722, 22 and SEQ 1D NQs: 10, 11, 12; SEQ ID NOs: 26, 27, 28 and
SEQ TD NOs: 30, 31, 32 SEQ ID NOs: 26, 34, 35 and SEQ 1D NOs: 37, 38,
39: and SEQ 1D NOs: 534, 35, 56 and SEQ 1D NOs: 57, 38, 59

19. A humanized antibody, or fragment thereof, that binds to prostaglandin . the

humanized antibody comprising at least one VI region comprising an armno
acid sequence selected from the group consisting of SEQ ID NOs: 60, 62, 64,

66, 68,70, 72, 74, 76, 78, and B0

20. A humanized antibody, or fragment thereof, that binds to prostagiandin Eq, the

humanized antibody comprising at least one VL region comprising an amino
acid sequence selected from the group consisting of SEQ 1D NOs: 61, 63, 65,

67.69, 71,73, 75, 77. 79, and 81

21, The binding protein sccording to claim 1, further comprising a human acceptor

framework.
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22, The binding protein according to claim 21, wherein said human acceptor
framework comprises at least one amino acid sequence selected from the group

consisting of SEQ ID NOs: 46, 47, 48, 46, 50, 51,52, and 53,

2% The humanized antibody of claim 21 or 22, wherein the human acceptor
framework comprises at least one framework region amino acid substitution
selected from the group consisting of M (human’y at position 48 w0 | (mouse), V

(hurman) at position 68 w A (mouse), M (human) at positen 70 o L {mouse],

and T (human} at position 72 to V (mouse) in the heavy chain variable region;

and I {hurnan) at position 2 to V {mouse’ and V (human) at position 3 to L

{mouse) in the Hght chain varisble region

24, The humanized antibody of claim 19 or 20, wherein the at least one VH region or
at least one VL region comprises human acceptor framework sequances that
comprise at least one amino acid substitntion, wherein the amino a¢id sequence
of the framework sequence is at least 63% identical to the sequence of the

humnan acceptor framework sequence.

25. The humanized antibody of claim 23, wherein the human acceptor framework
comprises at least one framework amine acid substitation at a key residue, the
kev residue selected from the group consisting of & residue adjacent to a CDR,
2 chvcosylation site residue. & rare residue, a residue capable of meracting with
prostaglandin E» a residue capable of imteracting with a CDR, & canonical
residue, a contact residue between heavy chain vanable region and hght chain
vatiable region, a residue within a Vernier zone.and & residue in a region that
overlaps between a Chothia-defined variable heavy cham CDR1 and a Kabat-

defined first heavy chain framework.

26. The binding protein of claim |, wherein the binding protein comprises two
variable domains, wherein the two variable domaing have amino acid
sequences selected from the group consisting of SEQ 1D NO:S and SEQ 1D
NO:9; SEQ ID NO:13 and SEQ ID NO:17; SEQ 1D NO:21 and SEQ ID
NQO:24; SEQ ID NO:25 and SEQ [D NO:29: SEQ D NG:33 and SEQ ID
N(O:36; SEQ 1D NO:40 and SEQ ID NO41: SEQ 1D NO:42 and SEQ 1D
NO:43; and SEQ [D NG44 and SEQ 1D NO:45.
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27. The binding protein of claim 1, wherein the binding protein comprises twe

variable domains, wherein the two variable domains have amino acid
sequences sclected from the group consisting of SEQ 1D NO:60 and SEQ ID
NO61: SEQ I NOR62 and SEQ ID NOi63; SEQ 1D NOW4 and SEQ 1D
NO:65; SEQ 1D NO:66 and SEQ 1D NO67; SEQ 1D NO:68 and SEQ 1D
NO-A0: SEQ TD NG 70 and SEQ 1D NO:71: SEQ 1D NO:72 and SEQ 1D
NO:73; SEQ ID NO:74 and SEQ [D NO:75; SEQ 1D NO:76 and SEQ 1D
NOT7 SEQ 1D NO:78 and SEQ 1D NO79: and SEQ ID NO:80G and SEQ 1D
NO:RIL

2%, An antibodv construct comprising the binding protein of claim 1, the antibody

construct further comprising a linker polypepiide or an immunoglobulin

constant domain.

29. The binding protein of claim 1, wherein the binding protein is selected from the

sroup consisting of an immunoglobulin molecule, & disulfide linked Fv, a
monocional antibody, & scFv, & chiimeric amibody, & single domam antibody, &
CDR-grafied antibody. a diabody. a humanized antibody. a muluspecific
antibody, a Fab, a dual specific antibody, 4 Fab’, a bispecific antibody, a

Fiab’i2, and & Fv.

30, The antibody construct of claim 28, wherein the binding protein is selecied from

the group consisting of an immunoglobulin molecule, a disulfide linked Fv, a
monocional antibody, 2 scFv, & chimeric antibody. a single domain antibody, a
CDR-grafied antibody, 2 diabody, a humanized antibody, a multispectfic
antibody, a Fab, 2 dual specific antibody, a Fab', 2 bispecific anubody, &

Flab™2, and 2 Fv.

31. The antibody construct of claim 28, wherein the binding protein comprises 2

heavy chain immunoglobulin constant domain selected from the group
consisting of & human Igh constant domain. @ human JgG4 constant domain, &
human TgG1 constant domain, a hurman IgE constant domain, a human IgG2
constant domain, and a human 1gG2 constant domain, and 2 human IgA

constant domain.

154
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4.

. The antibody construet of claim 28, wherein the construct compriscs an

immunoglobulin constant domain having an amino acid sequence selected from

the group consisting of SEQ 1D NGs 14,

. The antibody construcy of claim 28, wherew the binding protem possesses &

human glycosylation pattern.

. The amibody construct of claim 28, wherein said antibody construct is a

crystallized anfihody construct.

. The antibody construct of claim 33, wherein said crystaliized antibody consiruct is

s carrier-free pharmaceutical controiled release crystailized antibody construct.

. The antibody construct of claim 34, wherein said antibody construct has a grester

half life in vivo than the soluble counterpart of said antibedy construct.

. The antibody construct of claim 34, wherein said aptibody construet retains

biotogical activity,

. An antibody conjugate comprising an antibody construct of claim 28, the antibody

conjugate further comprising an agent selected from the group consisting of an
immunoadhension molecule, an imaging agent, a therapeutic agent, and a

cvtotoxic agent

. The antibedy conjueate of claim 37, wherein the agent is an imaging agent

selected from the group consisting of a radiolabel, an enzyme, a flucrescent

iabel, a luminescent iabel, a bicluminescent label, & magnetic label, and biotin.

The antibodv conjugate of claim 37, wherein the imaging agent 15 a radiolabel

I ml

123

ey B 35g S0k % Ty 1
selected from the group consisting of “H_ "¢ 8, ™y, "T¢, in,

Lu, "*Ho, and " Sm.

175

The antibody conjugate of claim 37, wherein the agent 1$ # therapeutic or
cvtotoxic agent selected from the group consisting of an anti-metabolite, an
alkvlating agent, an anubiotic, a growth factor. a cvtoking, an anti-angiogenic

agent, an anti-mitotic agent, an anthracyciine, a toxin, and an apopiotic agent.



L

e

46.

47,

48.

44,

. The binding protein of ¢laim 1, wherein the binding protein is & crystaliized

binding protein.

). The bindine protein of claim 41, wherein the orystallized binding protein 1§ a
gp ¥ P

carrier-free pharmaceutical controlied release crystallized antibody.

. An solated nucieic acid encoding the binding protein of clatm 1

3. An isolated nucleic acid encoding the antibody construct of claim 28.

A vector comprising an isolated nucieic acid accerding 1o claim 43 or 44,

The vector of claim 43, wherein the vector is selected from the group consisting of

peDNA, pTT, pTT3, pEFBOS, pBY, plV, pBF, and pAZ.
A host cell comprising the vector of claim 45,

The host cell of claim 47, wherein the host cell is 2 prokaryotic cell,

. The host cell of claim 48, wherein the hosi celi 1s E. coli.
. The host cell of claim 47, wherein the host cell 1s a eukaryotic cell.

. The host cell of claim 50, wherein the eukaryotic cell 1s selected from the group

copsisting of a protist cell, an animal cell, a plant cell and a fungal cell

33, The host cell of clatm 50, wherein the eukaryotic cell 1 an animal cell selected

from the group consisting of a mammalian cell. an avian cell, and an msect cell.

54, The host cell of claim 50, wherein the host cell is & CHO cell.

LAy
L

Lh
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. The host cell of claim 50, wherein the host cell is COS or HEK243,
. The host cell of claim 50, wherein the host cell is 2 yeast cell.

. The host celf of ¢claim 33, wherein the veast cell s Saccharomyees cerevisiae.

58. The host cell of claim 47, wherein the host cell 1s an msect 519 cell.



59, A method of producing a protein capable of binding prostaglandin E,, the method
comprising the step of culturing the host cell of claim 47 in culture medium
under conditions sufficient to produce & binding protein capable of binding

prostagiandin E».

tn

60. A protein produced according 1o the method of claim 58,
61. A composition for the release of a binding protein, the composition comprising:

{z) a formuiation, wherein the formulation comprises a crystallized binding

protein, according to claim 41,
(b} an mgredient; and
10 {¢) at least one polymeric carrier.

62. The compesition of claim 60, wherein the polymeric carrier is a polymer selected
from the group consisting of poly (acrylic acid), poly (cyanoacrylates}, poly
ramino acids). poly (anhydrides), poly (depsipeptide], poly (esters), poly (Jactic

acid), poly (Jactic-co-glyeolic acid) or PLGA, poly (b-hvdroxybutryate), poly

[

{caprotactone), poly (dioxanone); pely (ethylene glycol}, poly
{(hydroxypropyl} methacrylamide, poly [{organo} phosphazene], poly (ortho
esters ), poly (vinyl alcehol}, poly {vinyipyrrolidone), maleic anhydride- alkyl
vinyl ether copelvmers, pluronic polyois, albumin, alginawe, cellulose and
celivlose derivatives, collagen. fibrin, gelatin, hyaluromc acid,

20 oligosacchandes, glycaminogtycans, sulfated polyeaccharides, and & blend

and/or a copolvmer thereof,

63. The composition of claim 60, wherein the ingredient is selected from the group
consisting of albumin, sucrose. trehalose, lactitol, gelatin, hydroxypropyl-8-

evclodextrin, methoxvpolvethylene ghyeol, and polvethylene giycol.

[
»n

64, A method for treating & mammal with a disorder in which prostagiandin E;
activity is detrimental, the method comprising the step of administering to the

mammal an cffective amount of the composition of claim 60,

St
]
-4
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65, A pharmaceutical composition comprising the binding protein of claim 1, and a

pharmaceutically acceptable carrier.

66. The pharmaceutical composition of ¢lairn 65, wherein the pharmaceutically
acceptable carrier functions s an adjuvant useful 1o increase the abserption or

dispersion of the binding protein

67, The pharmaceutical composition of claim 64, wherein the adjuvant i

nyaluronidase.

68, The pharmaceutical composition of claim 64, further comprising at least one
additional therapeutic agent for freating a disorder in which prostagiandin E;

activity is detrimental.

£9. The pharmaceutical composition of claim 67, wherein the additional agent is
selected from the group consisting of a therapeutic agent, an imaging agent, a
cytotoxic agent, an angiogenesis inhibitor, a kinase inhibitor, & co-stimuiation
molecule biocker, an adhesion molecule blocker, an anti-cyiolane antibody or
functional fragment thereef, methotrexate, cyclosporine, rapamycin, FK506, &
detectable label or reporter, a TNF antagomst, an anti-rheumatic, & muscle
relaxant, & narcotic, & non-sierold anti-inflammatory drugz (NSAIDY, an
analeesic, an anesthetic, a sedative. & local anesthetic, a neuromuscular blocker,
an antimicrobial, an antipsoriatic, a corticosteriod, an anabohic steroid, an
ervthropoietin, an immunization, an immunogiobulin, an immunosuppressive, a
growth hormone, & hormone replacement drug, a radiopharmaceuncal, an
antidepressant, an antipsvchotic, a sumulant, an asthmz medication, a beta
agonist, an inhaled steroid, an oral steroid, an epinephrine or analog thereof, a

cviokine, and a cytokine antagonist,

70. A method for reducing prostaglandin Esactivity, the method comprising the siep
of contucting prostaglandin E; with the binding protein of claim 1 such that

prostaglandin By activity is reduced.

71. A method for reducing prostaglandin E; activity in a human subject suffering from

a disorder in which prostaglandin E. activity is dewrimental, the method
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comprising the step of administering to the human subject the binding protwin

of claim 1 such that prostaglandin E; activity in the human subject is reduced.

72, A method for treating a subject for at least one disease or disorder in which

prostaglandin Fo activity is dewimental, the method comprising the siep of
administering to the subject the binding protein of claim | such that veamment

is achieved.

73. The method of claim 71, wherein the disorder is selected from the group

consisting of an autoimmunc disease, an inflammatory discase, a tumor,
rheumatoid arthritis, allergic arthritis, Guillain Barre syndrome, infectious
mononucleosis, 2 viral lvmphadenopathy, a herpes virus infection, muitiple
sclerosis, a demyelinating disease, & hematological disorder, hemolytic anemia,
thrombocytopenia, an endocrinologic disorder, diabetes mellitus, Addison's
disease, idiopathic hypoparathyroidism, chronic lymphocytc thyroiditis, a
collagen disorder, systemic fupus erythematosus, a reproductive disorder,
amenorrhoea, infertility, recurrent abortion, ecfampsia, a headneck rumor, ung
cancer, gastric cancer, Prostate Cancer, PAncreatic cancer, & gastrointestinal
organ diseasc, mflammatory bowel disease, ulcerative colitis, Crobn's discase,
pain, pain related with osteoarthritis, an ocular disorder, and age-related

mascular degeneration.

74. The method of claim 71, wherein the disorder is selected from the group

consisting of rheurnatoid arthritis, osteoarthrits, juveniie ¢hronic arthrius,
septic arthritis, Lyme arthritis, psoriatic arthritis, reactive arthritis,
spondyloarthropathy, systemic lupus ervthematosus, Crohn's disease, ulcerative
colitis, inflammatory bowel disease, insulin dependent diabetes mellifus,
thyroiditis, astima, allergic diseases, psoriasis, dermatitis scleroderma, graft
versus host discase, organ transplant reiection, acute of chronic immune discase
associated with organ transplantation. sarcoidosis, atherosclerosis,

disseminated intravascular coagulation, Kawasaki's disease, Grave's disease,
nephrotic syndrome, chronic fatigue syndrome, Wegener's granulomatosis,
Henoch-Schoenlein purpurea, microscopic vasculitis of the kidneys, chronic

active hepatitis, uveitls, septic shock, toxic shock syndrome, sepsis svndrome,
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cachexia, infections diseases, parasitic diseases, scquired immunodeficiency
syndrome, acute mansverse myelitis, Huntington's chorea, Parkinson's disease,
Alzheimer's disease, stroke, primary biliary cirrhosis, hemolytic anemia,
malignancies, heart failure, myocardial infarction, Addison's disease, sporadic,
polvelandular deficiency type | and polyglandular deficiency type I, Schmidt's
syndrome, adult (acute) respiratory distress svndrome, alopecia, alopecia
areata, seronsgative arthopathy, arthropathy, Reiter's disease, psonatic
arthropathy, ulcerative colitic arthropathy, enteropathic synovitis, chlamydia,
versinia and salmonelia associated arthropathy, spondyioarthopathy,
atheromatous disease/areriosclerosis, atopic allergy, avtoimmune bullous
disease, pemphigus vulgaris, pemphigus foliaceus, pemphigoid, linear IgA
discase, autoimmune haemolytic anaemia, Coombs positive haemolyic
anacmia, acquired pernicious anaemia, juvenile pernicious anaemia, myalgic
encephalitis/Royal Free Disease, chronic mucocutaneous candidiasis, giant cell
arteritis. primary sclerosing hepatitis, cryptogenic autoimmune hepatitis,
Acquired Immunodeficiency Disease Syndrome, Acquired Immunodeficiency
Related Diseases, Hepatitis B, Hepatitis C, common varied immunodeficiency
(common variable hyporammaglobulinaemig), dilated cardiomyopathy, female
infertility, ovarian failure, premature ovarian failure, fibrotic lung discase,
cryplogenic fibrosing alveolitis, post-inflammatory interstitial fung discase.
interstitial pneumoenitis, connective tissue discase associated interstitial lung
disease. mixed connective tissue disease associated lung disease, systemic
sclerosis associated interstitial lung disease, rheumatoid arthritis agsociated
interstitial Jung discase, systemic lupus ervthematosus associated lung discase.
dermatomvositis/polymyositis associated lung disease, Sjogren's discase
associated tung disease, ankviosing spondyiitis associated lung diseasc,
vasculitic diffuse hung disease, haemosiderosis associated lung disease, drug-
induced interstitial lung disease, fibrosis, radiation fibrosis, bronchiolits
obliterans, chronic eosinephilic pneumonia, lvmphocytic infiltrative fung
disease, postinfectious interstitial lung disease. goury arthritis, autoimmune
hepatitis, type-1 autoimmune hepatitis (clagsical autoimmune or hpoid
hepatitis), type-2 autoimmune hepatitis (anti-LKM antibody hepatitis).

auicimpmme mediated hypoglecaemia, type B insulin resistance with
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scanthosis nigricans, hypoparathyroidism, acute immune discase associated
with organ transplantation, chronic immune disease associated with organ
transplantation, osteoarthrosis, primary sclerosing cholangitis, psoriasts type 1,
psoriasis tvpe 2, whopsathic leucopaenia, autoimmune neutropaenia, renal
disease NOS, glomerulonephritides, microscopic vasulits of the kidneys, lyme
disease, discoid lupus ervthematosus, male infertility wdiopathic or NOS. sperm
autoimmunity, multiple sclerosis (all subtypes), sympathetic ophthaimia,
pulmonary hypertension secondary io connective tissue disease, Goodpasture's
syndrome, pulmonary manifestation of polyarteritis nodosa, acute rheumatic
fever, rheumatoid spondylits, Sull's discase, systemic sclerosis, Sjérgren's
syndrome, Takayasu's disease/arteritis, autoimmune thrombocytopaentia,
idiopathic thrombocytopaenia, autoimmune thyreid disease, hyperthvrowdism,
voftrous autoimmune hypothyroidism (Hashimoto's disease), arrophic
sutoimmune hypothyroidism, primary myxocdema, phacogenic aveitis,
primary vasculitis, vitdlige acute liver disease, chronic hiver diseases, alcoholic
cirrhosis, alcohol-induced liver injury, choleosatatis, idiosyncratic liver discase,
Drug-Induced hepatitis, Non-aicoholic Steatoheparitis, allergy and asthma,
oroup B streptococci (GBS) infection, mental disorders (e.g.. depression and
schizophrenia), Th2 Type and Th1 Type mediated diseases, acute and chronic
pain (different forms of pain), and cancers such as lung, breast, stomach,
bladder, colon, pancreas, evarian, prostate and rectal cancer and hematopoietic
malignancies (leukemia and lymphoma), Abetlipoprotemia, AcTecyanosis,
acute and chronic parasitic or infecticus processes, acute leukemia, acute
lvmphobiastic leukemia (ALL). acute myeloid leukemia (AML), acute or
chronic bacterial infection, acute pancreatitis, acute renal failure,
adenocarcinomas, zerial ectopic beats, AIDS dementia complex. alcohol-
induced hepatitis, allergic conjunctivitis, allergic contact dermatits, allergic
rhinitis, allografi rejection, alpha-1- antitrypsic deficiency, amyotrophic lateral
sclerosis, anemia, angina pectoris, anterior horn cell degeneration, anti cd3
therapy, antiphospholipid syndrome, anti-receptor hypersensitivity reactions,
aordic and peripheral aneuryisms, aoriic dissection, arterial hypertension,
arteriosclerosis, arteriovenous fistula, ataxja, atrial fibrillaton (sustained or

paroxysmal), atrial flutter, atrioventricular block, B cell lvmphoma, bone graft
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rejection, bone marrow transpiant (BMT) rejection, bundle branch block,
Rurkitt's lvmphoma, Burns, cardiac arrhythmias, cardiac stun syndrome,
cardiac tumors, cardiomyopathy, cardiopulmonary bypass mflammation
response, cartilage transplant rejection, cerebellar cortical degenerations,
cerebellar disorders, chaotic or mulifocal airial tachyeardia, chemotherapy
agsociated disorders, chromic myelooviic leukemia (CML), chromic alcoholism,
chronic inflammatory pathologies, chronic lymphocvtic isukemia (CLL),
chronic obstructive pulmonary disease (COPD), chronic salicylate intoxication,
colorectal carcinoma, congestive heart failure, conjunctivits, contact
dermatitis, cor pulmonale, coronary artery disease, Creutzfeldt-Jakob discase,
culture negative sepsis, cystic fibrosis, cytokine therapy associated disorders,
Dementia pugilistica, demyelinating discases, dengue hemorrhagic fever,
dermatitis, dermatologic conditions, diabetes, diabetes mellits, diabetic
ateriosclerotic discase, Diffuse Lewy body disease, dilated congestive
cardiomyopathy, disorders of the basal ganglia, Down's Syndrome in middie
age, drug- induced movement disorders induced by drugs which biock CNS
dopamine receptors, drug sensitivity, eczema, encephalomyelitis, endocarditis,
endocrinopathy, epiglotiitis, epstein-barr virus infection, erythromelalgia,
extrapyramidal and cerebellar disorders, familial hematophagocytic
lvmphohistiocytosis, fetal thymus implant rejection, Friedreich's ataxia,
functional peripheral arterial disorders, fungal sepsis, gas gangrene, gastric
uleer, glomerular nephritis, graft rejection of any organ or tissue, gram negative
sepsis, gram positive sepsis, granulomas due 1o intracellular organisms. hairy
cel} leukemia, Hallerrorden-Spatz disease, hashimoto's thyroiditis, hay fever,
heart transplant rejection, hemachromatosis, hemodialysis, hemolytic uremic
svndrome/thrombolytic thrombocytopenic purpure, hemorrhage, hepatitis (A),
His bundle arrythmias, HIV infection/HIV neuropathy, Hodgkin's disease,
hyperkinetic movement disorders, hypersensitity reactions, hypersensitivity
prieurnonitis, hypertension, bypokinetic movement disorders, hypothalamic-
pituizary-adrenal axis evaluation, idiopathic Addison's disease, idiopathic
pulmonary fibrosis, antibody mediated cytotoxicity, Asthenia, infantile spinal
muscular atrophy, inflammation of the aorta, influenza a, fonizing radiation

exposure, iridocvelitis/uveitis/optic neuritis, ischemia- reperfusion inyury,
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ischemic stroke, juvenile rheumatoid arthritis, juvenile spinal muscular
atrophy, Kaposi's sarcomna, kidney transplant rejection, legionella,
Jeishmaniasis, leprosy, Iesions of the corticospinal system, lipedema, liver
transplant rejection, fymphederma, malarta, maligname Lymphoma, mahgnant
histiocytosts, malignant melanoma, meningitis, meningococcemia,
metaholic/idiopathic, migraine headache, mitochondrial multi system disorder,
mixed connective tissue disease. monoclonal gammopathy, multiple myeloms,
multipie systems degenerations (Mencel Dejerine- Thomas Shi-Drager and
Machado-Joseph), myasthenia gravis, myvcobacterium avimm intracellulare,
mycobacterium wberculosis, myelodyplasuc syndrome, mvocardial infarction,
mvocardial ischemic disorders, nasopharyngeal carcinoma, neonatal chronic
lung disease, nephritis, nephrosis, neurodegenerative diseases. neurogenic §
muscular atrophies , neutropenic fever, non-Hodgkins lvmphoma, occlusion of
the abdominal aorte and its branches, occulsive arterial disorders, oki3 therapy.
orchitis/epidydimitis, orchitis/vasectomy reversal procedures, organomegaly,
0steoporosis, pancreas transplant rejection, Pancreatic Carcinoma,
paraneoplastic syndrome/hypercalcemia of malignancy, parathyroid ransplant
rejection, peivic inflammatory disease, perennial rhinitis, pericardial disease,
peripheral atherlosclerotic disease, peripheral vascular disorders, peritonitis,
PErnicious anciua, PReumocystis carinii pueumonis, pncumonia, POEMS
syndrome {polyneuropathy, erganomegaly. endocrinopathy, monoclonal
gammopathy, and skin changes syndrome), post perfusion syndrome, post
pump syndrome, post-MI cardiotomy syndrome, preeclampsia, Progressive
supranucieo Palsy, primary pulmonary hypertension, radiation therapy,
Raynaud's phenomenon and disease, Raynoud's disease, Refsum's disease,
regular narrow QRS tachycardia, renovascular hypertension, reperfusion myury,
restrictive cardiomyopathy, sarcomas, scleroderma, senile chorea, Senile
Dementia of Lewy body type, seronegative arthropathics, shock, sickle cell
anemiz, skin allograft rejection, skin changes syndrome, small bowel transplant
rejection, solid tumors, specific arrythimias, spinal ataxia, spinocerebeliar
degenerations, sireptococcal myostts, siructural lesions of the cerebellum,
Subacute sclerosing panencephalitis, Syncope. syphilis of the cardiovascular

system, svstemic anaphalaxis, systemic inflammatory response syndrome,
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systermic onset juvenile rheumatond arthrits, T-cell or FAB ALL,
Telangiectasia, thromboangitis obliterans, thrombocytopenia, toxicity,
transplants, trauma/hemorrhage, type HI hypersensitivity reactions, type [V
hypersensitivity, unstable angina, uremia, urosepsis, wticaria, valvular heart
discases, varicose veins, vasculing, venous diseases, venous thrombosis,
ventricular fibrillation, viral and fungal infections, vital encephalitis/aseptic
meningitis, vital-associated hemaphagocytic syndrome, Wernicke- Korsakoff
syndrome, Wilson's disease, xenograft rejection of any organ or tissue, Acute
coronary syndromes, Acute ldiopathic Polyneuritis, Acute Inflarnmatory
Demvelinating Polyradicuieneuropathy, Acute ischemia, Adult Stll’s Disease,
Alopecia areata, Anaphylaxis, Anti-Phospholipid Amibody Syndrome, Aplastic
anemia, Arteriosclerosis, Atopic eczema, Atopic dermatitis, Autoimmune
dermatitis, Autoimmune disorder associated with Streptococcns infection,
Autoimmune Enteropathy, Autoimmune hearingloss, Autoimmunc
Lymphoproliferative Svndrome (ALPS), Autoimmune myocarditis,
Autoimmune premature ovarian failure, Biepharitis, Bronchiectasis, Bullous
pemphigoid, Cardiovascular Disease, Catastrophic Antiphospholipid
Syndrome, Celiac Disease, Cervical Spondyiosis, Chronic ischemia, Cicatricial
pemphigoid, Clinically isolated Syndrome (CIS) with Risk for Multiple
Sclerosis, Comjunctivitis, Childhood Onset Pevchiatric Disorder, Chronic
obstructive pulmonary disease {COPD), Dacrvocystitis, dermatomyositis,
Diabetic retinopathy, Diabetes mellitus, Disk hemiation, Disk prolaps, Drug
induced immune hemolyiic anemia, Endocarding, Endomemiosis,
endophthalmitis, Episcleritis, Ervthema multiforme, erythema multiforme
major, Gestational pemphigoid, Guillain-Barre Syndrome ( GBS, Hay Fever,
Hughes Syndrome | 1diopathic Parkinson’s Disease, idiopathic interstitial
pneumonia, IeE-mediated Allergy. Immune hemolytic anemia, inclusion Body
Muyositis; Infectious ocular inflammatory disease . Inflammatory demyehinating
disease, Inflammatory heart disease, Inflammatory kidney disease, IPF/UIP,
Iritis, Keratitis, Keratojuntivitis sicca, Kussman! disease or Kussmaul-Meier
Dissase, Landry's Paratysis, Langerhan's Cell Histiceytosis, Livedo reticularis,
Macular Degeneration, Microscopic Polyangiitis, Morbus Bechterev, Motor

Neuron Disorders, Mucous membrane pemphigoid | Muhiple Organ failure,
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Myasthenia Gravis, Myeledysplastic Syndrome, Myocardins, Nerve Root
Disorders, Nearopathy, Non-A Non-B Hepatitis, Optic Neuritis, Osteolysis,
Pauciarticular JRA |, peripheral artery occlusive discase (PAGDY, peripheral
vascular disease {(PVD), peripheral artery discase (PAD), Phiebstis,
Polyarteritis nodosa {or periarteritis nodosa), Polychondrits, Polymryalga
Rheumatica, Polosis, Polvarticular JR A, Polyendocrine Deficiency Syndrome,
Polymyositis, pofvmyalgia rheumatica (PMR), Post-Pump Syndrome, primary
parkinsonism, Prostatizis, Pure red cell aplasia, Primary Adrenal Insufficiency,
Recurrem Nevromyelitis Optica, Restenosis, Rheamatic heart disease, SAPHO
(synovitis, acne, pustulosis, hyperostosis, and osteitis}, Scieroderma, Secondary
Amyloidosis. Shock lung, Scleritis, Sciatica, Secondary Adrenal Insufficiency.
Silicone associated connective tissue disease, Sneddon-Wilkingson Dermatosis,
spondilits ankylosans, Stevens-Johnson Syndrome (8]3)}, Systemic
imflammatory response svndrome, Temporal arteritis, wxoplasmic retinitis,
toxic epidermal necrolvsis, Transverse myelitis, TRAPS (Tumor Necrosis
Factor Receptor, Type 1 eliergic reaction, Type 1T Diabetes, Urticaria, Usual
interstitial pneumonia (UIP}, Vasculins, Vernal conjunctivitls, viral retinitis,
Vogt-Koyanagi-Haradz syndrome (VKH syndrome), Wet macular

degeneration, and Wound healing.

75, A method of eating & patient suffering from s disorder in which prostaglandin B
is detrimental, the method comprising the step of administering the binding
protein of claim 1 before, concurrently, or afier the administration of a second
agent, wherein the second agent is selected from the group consisting of &
rheumnaioid arthrifis or juvenile rheurnatoid arthritis drog selected from the
group consisting of methotrexate, leflunomide, low doses of corticosteroids,
prednisone, corisone, anti-mealanal medications, hydroxychlorequine, gold,
sulfasalazine, penicillamine, cyclophosphamide, cyelosporine, minocycling,
acetaminophen, aspirin, ibuprofen, naproxen, celecoxib, Infliximab, etanercept,
adalimumab, abatacept, rifuximab, anakinra, biologic agems and oral delivery
agents targeting IL-6, IL-0R, 1L-17, IL-18, [1.-23, and B7. 1/B7.2; an
osteoarthritis drug selected from the group consisting of acetaminophen,

aspirin, ibuprofen, naproxen, celecoxib, steroids, artificial joint fluid, synvise,
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and hyalgan; a Crohn’s diseasc drug selected from the group consisting of
adalimurnab, azasan, asacol, azathioprine, azulfidine, budesonide, entocort,
flagy!, imuran, infliximab, mercaptopurine, metremidazole, protostat,
purinethol, remicade, and sulfasalazine; an ankylosing spondylitis drug selected
from the group consisting of acetocot, acetyisalicylic acid, acuprin 81,
sdalimumab, aleve, amcort, anaprox, arisiocort, aspirin, aspirtab, azmacort,
bufferin, buffex, cataflam, celebrex, chinoril, cortisone, diclofenac, dipentum,
easprin, etanercept, indocin, indomethacn, mfliximab, naproxen, remmicade,
triamcinolone, and voltaren; a multiple sclerosis drug selected from the group
consisting of Avonex, Azasan, Azathioprine, Betaseron, Bubbli-Pred,
Copaxone, Cotolone, Glatiramer, Imuran, Interferon Beta-la. Interferon Beta-
1b Solution, Kev-Pred. Key-Pred SP, Mitoxantrone, Natalizumab. Novantrone,
Orapred, Orapred ODT, Pediapred, Pred-Yect-34, Predacort 50, Predatone 50,
Predate-50, Prednisolone, Prelone, Rebif, and Tysabri; a cancer or malignanc
drug selected from the group consisting of Abraxane, Adriamycin, Adrucil,
Aldara, Alemtuzumab, Alinte, Aminolevulinic Acid, Anestrozole, Aprepitant,
Arimidex, Aromasin, Arranon, Arsenic Tnoxide, Avastin (Bevacizumab),
Azacitidine, Bevacizumab, Bexarotene, Bortezomib, Campath (Alemtuzumab},
Camptosar (Irinotecan Hydrochloride s, Capecitabine, Carboplatin, Cetuximab,
Cisplatin, Clafen {Cyclophosphamide), Clofarabine, Clofarex (Clofarabine,
Clolar (Clofarabine), Cvclophosphamide, Cytarabine, Cvtosar-U (Cytarabine),
Cytoxan (Cyclophosphamide), Dacogen (Decitabine), Dasatinib, Decitabine,
DepoCvt (Liposomal Cytarabine), DepoFoam (Liposomal Cytarabine),
Dexrazexane Hydrochloride, Docetaxel, Doxil {Doxorubicin Hydrochioride
Liposome), Doxorubicin Hydrochioride, Doxorubicin Hydrochloride
Liposome, Dox-SL (Doxorubicin Hydrochlonide Liposome}, Efudex
{Fluorouracil), Ellence (Epirubicin Hvdrochioride), Eloxatin (Oxaliplatin},
Emend (Aprepitant), Epirubicin Hydrochloride, Erbinux (Cetuximab), Eriotinib
Hydrochloride, Bvacet (Doxorubicin Hydrochlonde Liposome), Evista
(Raloxifene Hyvdrochloride). Exemestane, Faslodex (Fulvestrant) Femars
(Letrozole), Fluoroptex (Fluorouracil), Fluorouracil. Fulvestrant, Gefitinib,
Gemcitabine Hydrochloride, Gemmuzumab Ozogamicin, Gemzar ( Gemgeitabine

Hydrochloride), Gleevee (Imatinib Mesylate), Hereepun (Trastuzumab).
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Hycamtin (Topotecan Hydrochloride), Imatinib Mesylate, Imiquimod, Iressa
{Gefitinib), Irinotecan Hvdrochloride, Ixabepilone, Ixempra (Ixabepilone),
Keoxifens (Raloxifene Hydrochioride), Kepivance (Palifermin), Lapaunib
Ditosylate, Lenalidomide. Letrozole, Levulan (Aminolevulinic Acid), LipoDox
{Doxorabicin Hydrochloride Liposome), Liposomal Cytarabing,
Methazolastone ( Temozolomide), Mylasar (Azacitiding}, Mylotarg
(Gemtuzumab Ozogamicin), Nanoparticie Paclitaxel (Pachitaxel Albumin-
swbilized Nanoparticle Formulation), Nelarabine, Neosar {Cyclophosphamide),
Nexavar (Sorafenib Tosylate}, Nilotinib, Nolvadex (Tamoxifen Citrate},
Oncaspar {Pegaspargase), Oxaliplatin, Paclitaxel, Paclitaxel Albumin-stabilized
Nanoparticle Formutation, Paliferrnin, Paniturnumab, Paraplat (Carboplatin),
Paraplatin (Carboplatin), Pegaspargase, Pemetrexed Disodium, Platinol-AQ
(Cigplatin}, Platinol (Cisplatin), Raloxifene Hydrochlonde, Reviimid
{Lenalidomide), Rituxan (Rituximab), Rituximab, Scleroso! intrapleural

£r050} }, Sorafenib Tosviate, Spryeel (Dasatinib), Sterile Tale Powder
{Tale), Steritale (Talc), Sunitinid Malate, Sutent {Sunitinib Malate), Synovir
{Thalidomide), Tale, Tamoxifen Citrate, Tarabine PFS (Cytarabine), Tarceva
(Erlotnib Hydrochioride), Targretin (Bexarotene), Tasigna (Nilotiniby), Taxol
(Paclitaxely, Taxotere {Docetaxel), Temodar (Temozolomide), Temozolomide.
Temsirohimus, Thalomid (Thabdomide}, Thalidomide, Toteet (Dexrazoxane
Hydrochloride), Topotecan Hydrochloride, Torisel (Temsirolimus),
Trastuzumab, Trisenox (Arsenic Trioxide), Tykerb (Lapatinib Ditosylate),
Vectibix (Panitumumabi, Velcade (Bortezomib), Vidaza (Azacitidine),
Vorinostat, Xeloda (Capecitabine}, Zinecard (Dexrazoxane Hydrochioride),

Zoledronie Acid. Zolinza (Vorinosat), and Zometz (Zoledronic Acidl.

76. The method according to claim 74, wherein the administering o the subject is by

at least one mode selected from parenteral, subcutzneous, mtramuscular,
intravenous, intrarticular, mtrabronchial, intraabdominal, mtracapsular,
imracartilaginous, intracavitary, intracehal, mntracerebellar
intracerebroventricular, intracolic, intracervical, intragastric, intrahepatic,
inramvocardial, intraosteal, intrapelvic, intrapericardiac, intraperitoneal,

intrapleural, intraprostatic, mtrapulmenary, intrarectal, mirarenal, intraretinal,
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intraspinal, intrasynovial, intrathoracic, infrauterine, intravesical, bolus,

vaginal, rectal, buccal, sublingual, intranasal, and transdermal.

77. Anisolated antibody, or amigen binding fragment thereof, wherein the antibody,

or antigen binding fragment thereof binds prostaglandin Eo and inhibus the

5 binding of the prostaglandin B to at least one of E1 E2. E2, and E4 receptor 1n
a cell surface-based receptor binding assay with an 1Cy selected from the
group consisting of abow %107t Ix107 M, 1x107 t0 110 M, 1107 10
X107 M, 10 10 107 M, 1107 40 12107 M oand 107 10 1672 M, or i an
ELISA-based receptor binding assay with an 1Cs, selected from the group

i consisiing of about Ix 100 1107 M, %107 ta 1x107 M., ix10 %10 1107 M,

1010 107 M, 131077 10 1167 M oand 107 10 1077 M.

78, An isolated antibody, or antigen binding fragment thereof, wherein said antibody,
or antigen binding fragment thereof binds PGE2 and inkibits PGE2 activity by
about 50 % in a disease mode! selected from the group consisting of 2
is carrigeenan induced paw edema model, a carrigeenan iduced hyperalgesia
model, a collagen induced arthritis model, and an adjuvant induced arthritis

model.

79. The antibody of claim 77, wherein said antibody nhibits PGE2 activity by about
70% m & disease model selected from the group consisting of & carrigeenan
20 induced paw edema model, 4 carrigeenan induced hyperalgesia model, &

collagen induced arthritis model, and an adjuvant induced arthritis model.

80. An isolated antibody, or antigen binding fragment thereof, wherein said antibody,
or antigen binding fragment thereof binds PGE2 and inhibits inflammation by
about 90% in a disease model selected from the group consisting of 2
28 carrigeenan induced paw edema model. a carrigeenan induced hyperaigesia
model, & collagen induced arthritis model, and an adjuvant induced arthritis

model.
81. The amibody of claim 77, wherein said antibody 15 2B5.

82 An isclated amtibody, or antigen binding fragment thereof, wherein the antibody,

30 or aptigen binding fragment thereof binds prostagiandin E: and inhibits the
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binding of prostaglandin B to the at icast one of the E1, E2, E3, and E4
receptors in # cell surface-based receptor binding assay or in an ELISA-based

receptor binding assay by about 70-100% at a concentration of about 100nM.

3, The antibody of claim &1, wherein the antibedy 18 selected from the group

consisting of 19C9, 4F10, ISFI0 K18, K7H, K3a L1, L21, 2B5-7.0, 2B5-

&6 and 2B5-9.0.

. The antibody, or antigen binding fragment thereof, of claim &1, wherein the

antibody, or antigen binding fragment thercof, is capable of modulating 2

biclogical function of prostaglandin Es.

. The antibedy, or antigen binding fragment thereof, of claim 81, whereir the

antibody, or antigen binding fragment thereof, is capable of neurralizing

prostagiandin B

The antibody, or antigen binding fragment thereof, of claim 81, wherein the
antibody, or antigen binding fragment thereof, is selected from the group
consisting of an immunoglobulin molecule, a monoclonal antibody,  chimenic
antibody, a CDR-grafted antibody. & humanized antibody, a Fab, a Fab’, a
Fiah™y2, a Fv, a disulfide linked Fv, a scFv, a single domain antibody, a
diabodv, a multispecific antibody, & dual specific antibody, and a bispecific

antibody.

. The antibody, or antigen binding fragment thereof, of claim 81, wherein the

antibody, or antigen binding fragment thereof, 1s & humanized antibody.

A pharmaceutical composition comprising the antibody, or antigen binding

fragment thereof, of claim 81 and a pharmaceutically acceptable carrier.

The phanpaccutical composition of claim 87, further comprising af ieast one
additiona! therapeutic agent for treating a disorder in which prostaglandin £,

activity 18 detrimental,

A method of generating an antibody, or fragment thereof, that binds 10

prostagiandin Es. the method comprising the steps of immunizing a non-human
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anirmal with prostaglandin Es-thyrogicbulin, collecting a body fluid or organ
comprising an anti-proswaglandin B, antibody, and isolating the anti-

prostaglandin E; antibody.

91, A humanized antthody comprising an aptigen binding domain, the humemized

i

antibody capeble of hinding prostaglandin By, the antigen binding domain
2 a & b & = £
comprising at least one CDR region comprising an amine acid sequence

selected from the group consisting of SEQ ID NOs: 54-39.

92. A humanized antibody comprising an antigen binding domain, the humanized
antibody capable of binding prostaglandin E,, the antigen binding domain
10 comprising at least cne CDR region comprising an amino acid sequence at least
abour 60%. at least about 65%, at least about 70%, at ieast about 73%, at least
about 8%, at least about 35%, at least about 90%, at least about 953%, or at
Jeast about 98% homologous to an amino acid sequence selected from the

group consistng of SEQ 1D NOs: 54-539,
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