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Abstract

The present invention relates generally to methods of using anti-NGF antibodies in the
treatment of various NGF-related disorders, including asthma,'arthritis and psoriasis. The
methods are effective in treating these disorders in a patient without having a significant

adverse effect on the immune system of the patient.
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ANTI-NGF ANTIBODIES FOR THE TREATMENT OF VARIOUS DISORDERS

gackaround of the Inventian

Field of the Invention

The prasent invention refates generally to metﬁods of using anti-NGF antibodies in the treatment of various
5  NGF-related disorders, including asthma, arthritis and psoriasis. The methods are ettective in treating these disorders
in 3 patient without having a significant adverse effect on the immune system of the patient.
Bescription of the Related Art .

e

Nerve Growth Factor (NGF/

Nerve growth factor (NGF) was the first neurotrophin to be identified, and its role in the development and

10 survival of both penpheral and central neurbns has been well characterized. NGF has been shown to be a critical
survival and maintenance factor in the development of peripheral sympathetic and embrycnic sensory neurons and of
hasal forebrain cholinergic neurons (Smeyne et al., Mature 368:246-249 {1394); Crowley ef al, Cell 76:1001-1011
(1994)). NGF upregulates expression of neuropeptides in sensory neurons (Lindsay and Harmer, Mature 337:362-364
~ (1988)) and its activity is mediated through two different membrane-bound receptors. The TrkA tyrosine kinase
15  receptor mediates high affinity binding and the p/5 receptor, which is structurally refated to other members of the
tumor necrasis factor receptor family, mediates low affinity binding (Chao et al., Science 232:518-521 (1386)).
In addition to its effects in the nervous system, NGF has been ihcreasingly impiicat-ed in processes sutside of
the nervous system. For example, NGF has been shown to enhance vascular permesbility (Otten et al,
Eur.J Pharmacol. 106:198-201 {1984}, enhance T- énd B-cell immune responses (Otten et af, Proc. Nat/. Acad. Sci.
20 [.S5.4. 86:10059-10063 (1988}}, induce lymphocyte differentiation and mast cell proliferation and cause the release of
soluble biological signals from mast cells (Matsuda et al, Proc. Natl. Acad. Sci. U.S.A. 85:6508-6512 (1988); Pearce
et al., J. Physiol, 372:379-393 (1986); Bischoft et al, Blood 79:2662-2669 {1992); Horigome &t al., J. Biol. Chem.
268:14881-14887 {1983)).
NGF is produced by a number of cell types including mast cells {Leon et &/, Proc. Nat! Acad. Scii U.S.A.
25 91:3739-3743 (18584)), B-lymphacytes (Torcia et a/., Celf 85:345-356 (1996), keratinocytes (Di Marco et al., /. Biol.
Chem. 268:22838-22846)) and smooth muscle cells (Ueyama et a/, J. Hypertens. 11:1061-1065 (1993)). NGF
receptors have been found on a variety of cell types outside of the nervous system. For example, TrkA has been found
on human monocytes, T- and B-lymphacytes and mast cells.
Lansistent with a non-neuronal role for NGF, an association between increased NGF levels and a variety of
30 inflammatary conditions has been observed in human patients as well as in several animal models. These include
systemic lupus erythematosus (Bracci-Laudiero et af, Neuroreport 4:563-565 (1993)), muftiple sclerosis (Bracci-
Laudiero et af, Neurosci. Lett. 147:8-12 (1992})), psoriasis (Raychaudhuri ef 2/, Acta Derm.Venereol 78:84-88
(1388)), arthritis (Falcini et al., Ann. Rheum. Ois. 55:745-748 (1886)) and asthma (Braun et a., Fur. J. Immunol
28:3240-3251 (1998)). Chronic nflammatory conditions such as these are a significant public health problem. For

35 instance, it is estimated that arthntis affects 37.9 million people in the United States alone. Ewrent therapies for
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ireating these conditions are severely imited. An understanding of the role NGF plays i these diseases may provide

new methods for treating them.

A correlation between stress and psoriasts has been observed. Based on this correlation and the symmetry
of the cutaneous lesions that accompany the disease, a relationship with the nervous system has been proposed

(Raychaudhuri et af., Acta Derm. Venercol, 78:84-88 (1998)]. In particular, neuropeptides have been suggested to play

N

a role in the pathogenesis of psoriasis. Investigators have reported an increased number of terminal cutaneous nerves
along with upregulation of one or more of the neuropeptides, such as substance P (SP), vasoactive Intestinal
palypeptide (VIP) and CGRP. NGF plays a role in regulating mnnervation in the skin and also is known to upregulate
neuropeptides, suggesting that increased NGF levels may be responsible tor the upregulation of neuropeptides and the
10 increased cutaneous innervation seen with psoriasis. In fact, increased expression of NGF has been observed in
nsoriatic keratinocytes (Raychaudhuri et al., Acta Derm. Venercol. 78:34-86 {1998)). It has .heen suggested that while
NGF nermally serves as a survival factar for keratinocytes, overexpression of NGF prevents normal cell death, leading
to psoriasis (Pincelli et a/., J. Derm. Sci. 22:71-79 (2000)).

' A number of studies have indicated that neuropeptides such as substance P (SP) and bio'logically active
15 compounds released from mast cells, such as histamine, also play a role in both naturally occurring arthritis in humans
and experimentally induced arthritis in animal models {see e.g. Levine, J., Science 226:547-549 {1384)). NGF has been
shown to affect mast cell degranulation (Brum et af.,, FEBS Lert. 138:190-193 {1982)} and substance P release

(Donnerer et a/., Neurosci. 493:683-688 (1992)), implicating it in the pathogenests of arthritis.
Consistently, an elevated level of NGF in peripheral tissues is associated with both hyperalgesia and
20 inflammation and has been observed in a number of forms of arthritis.  The synovium of batients affected by
rheumatoid arthritis expresses high levels of NGF while in non-inflamed synovium NGF has been reported Io-be
undetectable (Aloe ot al., Arch, Rheum. 35:351-355 (1982)). Similar results were seen in rats with éxperimentaily
induced rheumatoid arthritis (Aloe et al., Clin. Exp. Rheumatol. 10:203-204 {1982)). Elevated levels of NGF have been
réported In transgenic arthritic mice aleng with an increase in the number of mast cells. (Aloe et 4/, /nt. J. Tissue
25  Reactions-Exp. Clin. Aspects 15:139-143 (1883)}. However, purified NGF injected into the jeint synovium of normal
rats does not induce knee joint inflammation, suggesting that NGF does not play a causative role in arthritis {Aloe ot

al., Growth Factors 9:148-155 {1843)).

High NGF levels have been associated with allergic inflammation and it has been suggested that this is
related to mast cell degranulation {(Bonint et a/., Proc. Natl. Acad. Sci. U.S.A4. 93:10955-10960 {1296)).

30 Elevated NGF levels are also observed in both alfergic and non-allergic asthma (Bonini et /., supra). Mast
cells, eosinophils and T-lymphacytes have all been propesed to play a role in this inflammatory disease and the
carrelation between NGF serum levels and total Igk antibady titers suggests that NGF contributes to the inflammatory
immune response. Allergen induced airway inflammation has been associated with increased local production of NGF

in both mice and humans (Braun et al., Int. Arch. Allergy immunel. 118:163-165 {1998)).
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NGF has been shown to regulate the development of increased airway hyperactive respanse, a hallmark of
hronchial asthma (Braun et a/., Fur. J. fmmuno!. 28:3240-3251 {1998)). lndeed, in vne study, treatment of allergen-
sensitized mice with anti-NGF antibody prevented the development of airway hyperresponsiveness following local

allergen challenge (Braun et af., Int. Arch. Allergy fmmunol. 118:163-165 {1888)).

5 Despite the promising resuits obtained in mice, reported adverse eftects of neutralizing anti-NGF antibodies
on the immune system have raised serigus questions about the feasibility of using anti-NGF antibedies as a
therapeutic in the prevention. or treatment of asthma or other diseases or disoraers in human patients . In particular,
Torcia et al., Cell 85:345-356 (1996) identrfied NGF as an autocrine survival factor for memory B lymphocytes, and
demonstrated that /n vvo administration of neutraliziﬁg anti-NGF antibodies caused a depletion of memary B-cells and

10 abolished secondary antigen-specific immune responses in mice. Garaci ef al, Proc. Natl. Acad. Sci. USA 36:14013-
14018 {1998) reported that NGF Is an autocnne survival factor that rescues human monocytes/macrophages from the
cytopathic effect caused by HIV infection. This report, along with the findings of Torcia ef al, supra would suggest

that anti-NGF antibodies have the potential of compromising the immune system of the subject treated.

Summary of the Ipvention

15 The present invention is based on the unexpected finding that /7 vivo administration of a therapeutically
effective amount of an anti-NGF menoclonal antibody (antibody 811) had no adverse effect on the immune system tn
an experimental mouse model of allergy. Accordingly, this and related antibodies hold great promise in the treatment
of NGF-associated disorders, including asthma, in human patients.

In one aspect, the invention concerns a method of controlling an NGF-refated disorder in a human patient by

20 administering to the patient an effective amount of an anti-human NGF (anti-hNGF) monoclonal antibody that is
capable of binding hNGF with an affinity in the nanomolar range, and inhibiting the binding of hNGF to human TrkA
(hTriA} mn vivo, wherein the antibody has no significant adverse effects on the immune system of the patient.

In one embodiment the binding affinity of the antibody to hNGF is preferably about 0.10 to about .80 nM,
more preferably about 0.15 to about 0.75 nM and even more preferably about 0.18 to about 0.72 nM.

25 in another embodiment, the antihody binds essentially the same hNGF epitope as an antibody selected from

the group consisting of MAb 917, MAD 312 and MAb 938, more preferably the same epitope as MAb 311.

In vet another embadiment the antibody is abie to cross react with murine NGF (muNGF).

The antibody may also be an antibody fragment, preferably an antibody fragment selected from the group
consisting of Fah, Fab’, F{ab'),, Fv fragments, diabaodies, single chain antibody maolecules and muitispecific antibodies

30 formed from antibody fragments, and mare preferably a single-chain Fv {(scFv) molecule.
In another embodiment the antibady is chimeric. 1t may also be humanized or human.
~In yet another embediment the antibody is bispecific. The bispecific antibody may have an anti-lgE

specificity.

The NGF-related disgrder that s controlled ts preferably not asseciated with the effect of NGF an the

35  peuranal system.
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in one embodiment the NGF-related disorder is an inflammatory condition, preferably selected from the group
consisting of asthma, arthritis, multiple sclerosis, lupus erythematosus ang psonasis.

In a preferred embodiment the condition 1S asthma. In another embodiment the condition is arthntis,
nreferably rheumatoid arthritis. In yet another embodiment the candition is psonasis.

5 In vet a further embodiment, the antibedy is administered in combination with another therapeutic agent for
the treatment of an inﬂammatory condition. Thus the antibedy may he admiustered in combmation with another
therapeutic agent for the treatment of asthma. {n 6ne embodiment the antibody is administered with a corticosteroid,
nreferably beclomethsone diproprionate (BOP). In another embediment the antibody Is administered with an anti-igk
antibody, such as rhuMAb-E25 or rhuMAb-E26. For the treatment of rheumatoid arthritis, the antibody may be

10 administered in combination with an anti-TNF antibody or an antibody or immunoadhesin specifically hinding a TNF
receptor. .

In another aspect, the invention concerns a pharmaceutical compaosition comprising a chimeric, humanized or
human anti-human NGF monocional antibody capable of binding hNGF with an atfimity in the nanemolar range and
inhibiting the binding of hNGF to human TrkA /n wive, wherein the antibody has no significant adverse effects an the

15  immune system of a patient, in combination with a pharmaceutically acceptable carrier. The antibedy in the
pharmaceutical composition may be an antibody fragment, preferably an antibody tragment selected from the group
consisting of Fab, Fab’, F(ab’),, Fv fragments, diabadies, single-chain antibody molecules and multispecific antibodies
formed from antibody fragments. |

in one embodiment the antibody i1s a bispecific antibody. The bispecific antibody may be capable of specific

20  binding to native human lgE or native human TNF or a native human TNF receptor.

In another embodimént the pharmaceutical compasition further comprises another pharmaceutically active
ingredient, such as an ingredient suitable for the treatment of an inflammatory condition. The inflammatory condition
IS ﬁreferably one selected from the group consisting of asthma, multiple sclerosis, arthritis, lupus erythematosus and
psoriasis. In ene embodiment the mflammatory condition is asthma. In another embodiment the inflammatory

25 condition is arthritis, preferably rheumatoid arthritis. [n yet another embodiment the inflammatory condition is
pSoriasis.

In ano.ther aspect, the present Invention relates to an article of manufacture comprising a container, a
pharmaceutical compesition comprising a chimeric, humanized or human anti-human NGF menoclonal antibody capable
of binding hNGF with an affinity in the nanomolar range and inhibiting the binding of hNGF to human TrkA /n vivo,

30 wherein the antibody has no significant adverse effects on the immune system of a patient, in combination with a
nharmaceutically acceptable carrier, and instructions for using the composition of matter to control an NGF-related
disorder in a human patient.

In one embodiment the article of manufacture comgrises a further pharmaceutically active ingredient,
preferably surtable for the treatment of an inflammatory condition. The inflammatory condition is preferably selected

39 from the group consisting of asthma, multiple sclerasis, arthritis, lupus erythematosus and psoriasis.
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Brief Descnotion of the Drawings

Figuie 1 suminarizes the ability of six anti-NGF MAbs to bind to NGF/NT-3 chimeric mulauls. 1he jelative
hinding of each MAb to the NGFINT3 mutants is compared 1o the binding of wildtype hNGF: (), <10%; {(+), 10-30%;
(++), 30-60%: [+++), 80-100%. The EC,, of each MAb for hinding to hNGF is: MAb 908, 1.8 x 107 M; MAbL 911,
3.7 x 107" M; MAR 912, 1.8 x 10" M; MAb 838, 7.4 x 107" M; MAD 14.14, 5.9 x 107" M.

Figure 2A-F shows the binding of MADs to wild type and mutant hNGF. The average tCy, values for each
mutant obtained in 2 to 5 independent ELISA runs were compared to ECg; values obtamed for wild type NGF binding.
FC:, values were determined by [inear regression analysis {unweighted} using the Kaleidag'raphm software program

L
L]

(Abelbeck Software). NMutants resulting in at least a two-fold reduction in MAB binding are designated by striped bars,
and the contributing residues are labeled.

Figure ZA shows binding of MADb 808 to wild type and mutant NGr.

Figure ZB shows hinding of MAG 508 to wild type and mutant NGF.

Figure 2C shows binding of MAb 817 to wild type and mutant NGF.

Figure 2D shows Ginding of MAB 912 to wild type and mutant NGF.

Figure 2E shows binding of MAb 838 to wild type and mutant NGF.

Figure 2F shows tinding of MAb 14.14 to wiid type and mutant NGr.

Figure 3A-F presents molecular models of MAb epitopes on NGF for ant-NGF MAbs 308, 809, 911, 812, 838
and 14.14, respectively. The light and medium gray designations differentiate each monomer of NGF, and residues
identified by ELISA that affect MAD binding are shown in black. Each of the variable regions is labeled in Figure 3A.

Figure 4A and B show immunoblot analysis of anti-NGF MAD binding to non-reduced iNGF {A) and reduced
hNGF (B). Malecular weight markers are visible in the first {ane. Buffer and a negative controf antibody are shown in
lanes 2 ang 3, respectively. Under non-reducing conditions, purified RNGF ran as a triplet set of bands, which appear
to correspond to monomeric, dimeric and partially processed dimeric hNGF.

Figure b summarizes the MAD epitope mapping results.

rigure & shows that anti-NGF MAbs inhibited binding of hNGF to a TrkA-1gG receptor immunoadhesin.
Figure 7 shows the ability of ant-NGF MAbs to inhibit binding o hNGF to a p75-1gG immunoadhesin.

Frgure 8 shows the ability of anti-NGF MAbs to inhibit binding of hNGF to the TrkA extracellular domain
expressed on transtected CHO cells. Inhibition of tyrosine phosphorylation was measured by ELISA using an
antiphopnotyrosing MAD.

Figure 9 shows the ability of anti-NGF MAbs to inhibit the survival effects of hiNGF on embryonic rat dorsal
root ganglion neurons, Maximum survival was based on the signal obtained with NGF alone, and maximal inhibition
determined Dy the signal obtained with the addition of saturating concentrations of soluble TrkA-lgG.

Figure 10 demonstrates that treatment with anti-NGF MAb 9171 non-significantly increases the immune

respense to ovalbumin.
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Figure 11 shows that following immunization with chicken gamma-globulin, treatment with anti-NGF MAb

311 non-significantly reduces the immune response.

Figure 12 shows that treatment with anti-NGF MAb 911 blocks NGF indneed theemal hyperalgesia.

Figure 13 shows that in sensitized C57/BLS ice (GN), treatment with anti-NGF MAb 911 inhibits airway

h

hyperreactivity following challenge with inhaled dust mite antigen.

Figure 14 shows that in sensitized C57/BLE nuce (SN), treatment with anti-NGF MAb decreases infiltration
of white blood cells, lymphocytes and eosinophils into BAL following challenge with inhaled dust mite antigen.

Figure 15 shows that while cellular infiltration into BAL is decreased in anti-NGF MAb treated sensitized

mice, the proportion of eosinophuls remains higi.

10 Figure 16 shows that treatment with anti-NGF MAb 811 attenuates the increase of IL-13 n BAL folfowing

antigen challenge.

Figure 17 demonstrates that despite its ability to decrease the inflammatory respanse to allergen, treatment

with anti-NGF MAb does not decrease the humoral immune response as measured by total serum immunoglobulin titer

to dust mite.

15 Figure 18 shows that treatment with anti-NGF MAb also does not decrease the total serum level of IgE.
Figure 19 shows that treatment with NGF increases the levels of CGRP in the trigeminal ganglion, while

treatment with anti-NGF MAD produces a decrease in CGRP levels.

Detailed Description of the Preferred Embediment
A. Definitions
20 Unless defined otherwise, technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. See, e.q. Singleton et af.,, Dictionary of
Microbiology and Molecular Biology 2nd ed., J. Wiley & Sons (New York, NY 1394); Sambrook et al, Molecular
Cloning, A Laboratory Manual, Cold Spnings Harbor Press {Cold Springs Harbor, NY 1989). One skilled in the art will
recagnize many methods and materials similar or equivalent to those described herein, which could be used in the
25 practice of the present invention. Indeed, the present invention is in no way limited to the methods and materials

described. For purposes of the present invention, the following terms are defined below.

As used herein, the terms "nerve growth factor” and "NGF" are defined as all mammalian species of native
sequence NGF, including human.
"NGF receptor” refers to a palypeptide that is bound by or activated by NGF. NGF receptors include the TrkA
30 receptor and the p/5 receptor of any mammalian species, including humans.
The term "native sequence” 1n connection with NGF or any other polypeptide refers to a polypeptide that has
the same aming acid sequence as a corresponding polypeptide derived from nature, regardiess of its mode of
preparation. Such native sequence polypeptide can be isolated from nature or can be produced by recombinant andjor

synthetic means or any combinations thereof. The term “native sequence” specifically encompasses naturally
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pceurring truncated or secrefed forms (£.g., an extracellular domam segquence), naturally occurring vanant forms (e.g.,
alternatively spliced forms) and naturally-occurring allelic variants of the full [ength polypeptides.

"Antibodies” {Ahs) and “immuncglebulins™ {lgs) are glycoproteins having the same structural charactenstics.
While antibbdies exhihit binding specificity to a specific antigen, immunoglobulins include both antibodics and other

antibody-like molecules which lack antigen specificity. Polypeptides of the latfer kind are, for example, produced at

1

low levels by the lymph system and at increased levels by myelamas.

"Native antibodies and immunoglobulins” are usually heterotetrameric glycoproteins ot about 150,000
daltons, composed of two identical light (L) chains and two identical heavy (H) chains. Each light chain is linked to 3
heavy chain by one covalent disulfide bend, while the number of disulfide i-inkages varies between the heavy chains of

10 different immunoglobulin isotypes. Each heavy and light chain also has regularly spaced intrachain disulfide bridges.

- Each heavy' chain has at one end a variable domain {VH) followed by a number of constant domains. Each light cham

has a variable domain at one end (VL) and a constant domain at its other end; the constant domain of the light chain is

aligned with the first constant domain of the heavy chain, and the light chain vanable domam 15 asligned with the

variable domain of the heavy chain. Particular amina acid residues are believed to form an interface between the light-

15 and heavy-chain variable domains {Chathia et af, J. Mol. Biol. 186:651 {1883}; Novomy- and Haber, Proc. Natl Acad.
Sci. U.S.A4. 82:4582 [1985]; Chothia et al., Nature 342: §/7-883 {1388]).

The term "variable™ refers to the fact that certan portions ot the variable domains differ extensively in
sequence among antibodies and are used in the binding and specificity of each particular antibedy for its particular
antigen. However, the varnability is not evenly distnibuted throughout the variable domains of antibodies. It is

20 . concentrated in three segments called complementarity-determining regions {CORs) or hypervariable regions Both in the
light-chain and the heavy-chain vanable domains. The more highly conserved portions of variable domains are callad
the framework {FR). The vanable domains of native heavy and light chains each comprise four FR regions, largely
adopting a [3-sheet configuration, connected by three CDRs, which form loops connecting, and in some cases forming
part of, the 3-sheet structure. The CDRs in each chain are held together in close proximity by the FR regions and, with

25 the CORs from the other chain, contribute to the formation of the antigen-binding site of antibodies (see Kabat et al.
(1891) supra). The constant domains are not mvolved directly in binding an antibedy to an antigen, but exhibit various
effectar functions, such as participation of the antibody in antibody-dependent cellular toxicity.

Papain digestion of antibodies proguces two identical antigen-binding fragments, called "Fab" fragments,
each with a single antigen-binding site, and a residual "Fc” fragment, whose name reflects its ability to crystallize

30 readily. Pepsin treatment yields an F{ab'}, fragment that has twa antigen-combining sites and is still capable of cross-
linking antigen.

"Fv” is the minimum antibody fragment that contains a complete antigen-recognition and -binding site. In a
two-chain Fv species, this region cansists of a dimer of one heavy- and one light-chain variable demain in tight, non.
covalent association. In a single-chain Fv species, one heavy- and one light-chain variable domain can be covalently

35  linked hy a flexible peptide linker such that the light and heavy chains can associate in a "dimeric” structure analogous
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to that im a twa-cham Fv species. lt'is i this configuration that the three CDRs of each varnzghle demain interast to

define an antigen-binding site on the surface of the VH-VL dimer. Collectively, the six CORs confer antigen-binding

specificity to the antibody. However, even a single variable domain {or half of an Fv comprising only three CURs

specific for an antigen) has the ability to recognize and bind antigen, although at a lower affumty (han the entie
H hinding sie.

The Fab fragment alse contains the constant domain of the light chain and the first constant domain (CH1) of
the heavy chain. Fab' fragments differ from Fab fragments by the addition of a few residues at the carboxy terminus
of the heavy chain CH1 domain including one or more cysteines from the antibody hinge region. Fab'-SH is the
designation herein for Fab' in which the cysteine residue(s) of the constant domains hear a free thiol group. Fab'),

10  antibody fragments originally were produced as pairs of Fab’ fragmsnts which have hinge cysteines between them.

Dther chemical couplings of antibody fragments are also known.
- The "light chains” of antibadies {immunoglobuling} from any vertebrate species can be assigned to one of two
clearly distinct types, called « and A, based on the amine acid sequences of their constant demains.
Depending on the amino acid sequence of the constant domain of their heavy chains, immunoglebulins can be

15 assigned to different classes. There are five major classes of immunoglobulins: Ig4, gD, Igk, igG, and IgM, and several
of these can be further divided into subclasses (isetypes), e.g., 1gG,, 1gG., lgG,, lgG,, lgA,, and IgA,. The heavy-chain
constant domains that correspond to the different classes of immunoglobulins are called ¢, 0, € v, and i respectively.
The subunit structures and three-dimensional configurations of different classes of immunogiobulins are well known.

The term "antibody” specifically covers monoclonal antibodies, including antibody fragment clones.

20 "Aﬁtibody fragments” comprise a portien of an intact antibody, generally the antigen binding or variable
region of the intact antibody. Examples of antibody fragments include Fab, Fab’, F{ab'},, and Fv fragments; diabodies;
single-chain antihody molecules, inc'luding single-chain Fv (scFv} molecules; and multispecrfic antibodies, such as
hispecific antibodies, formed from antibody fragments.

The term "monaclonal antibody” as used herein refers to an antibody {or antibody fragment) obtained from a

29 population of substantially homogeneous antibodies, /e., the individual antibodies comprising the population are
identical except for possible naturally occurnng mutations that may be present in minor amounts. Monoclonal
antibodies are highly specific, being directed against a single antigenic site. Furthermore, in contrast to conventional
(polyclonal} antibedy preparations that typically include different antibodies directed against different determinants
(epitopes), each monoclonal antibody is directed against a single determinant on the antigen. In additien to their

30 specificity, the menoclonal antibedies are advantageous in that they are synthesized by the hybridema culture, and are
not contaminated by other immunoglobulins. The modifier "maonoclonal” indicates the character of the antibady as
being obtained from a substantially homogeneous population of antibedies, and is not to be construed as reguiring
preduction of the antibady by any particular method. Far example, the monoclonal antibedies ta be used in accordance
with the present invention may be made by the hybridoma method first described by Kohler ef af, Nature 256:495

35 (1875}, or may he made by recombinant DNA methods (see, e.g., U.S. Patent No. 4,816,567). The “manoclonal
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antibodies” also include clones of antigen-recogniticn and binding-site contaimng antibody fragments {Fv clones)
isolated from phage antibody libraries using the tachniques described in Clackson et al., Nature, 352:6824-628 (1891)
and Marks et af,, J. Mol. Biol, 222:581-537 (1991), for example.

The monoclonal antibodies herein specifically in'clude "chimeric” antibodies {immunoglobulins) n which a
partion of the heavy and/or light cham is identical with or homologous to corresponding seguences in antibodies dertved
from a particular species or belonging to a particular antibody class or subclass, while the remainder of the chain(s) is
identical with or homelogous to correspoﬁding sequences in antibodies derived from another species or belonging to
another antibody class or subclass, as well as fragments aof such antibodies, so long as they exhibit the desired
biological activity {U.S. Patent No. 4,816,567 to Cabilly et a/; Marrison et /., Proc. Natl. Acad. Sci. US4, 81:6851-
6855 [1984]).

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric immunoglobulins, immunoglobulin

- chains or fragments thereof (such as Fv, Fab, Fab’, Fab’}, or other antigen-tinding subsequences ot antibodies) which

contain minimal sequence derived from non-human immuneglobulin.  For the most part, humanized antibodies are
human immunoglobulins {recipient antibody) in which residues from a complementanty-determining region (COR) of the
recipient are replaced by residues from a CDR of a non-hurnan species {donor antibody) such as mouse, rat or rabbit
having the desired specificity, affinity, and capacity. In some instances, Fv framewark region (FR) residues of the
human immunoglobulin are replaced by corresponding non-human residues. Furthermore, humanized antibedies may
comprise residues which are found neither in the recipient antibady nor in the imported CDR or framework sequences.
These modifications are made to further refine and optimize antibody performance. In general, the humanized antibody

will comprise substantially all of at least one, and typically two, variable domains, in which all or substantially all of

-the CDR regions correspand to thase of a non-human immunogiobultn and all or substantially all of the FR regions are .

thase of a human immunogiobulin seguence. The humanized antibody sptimally also will comprise at least a portion of
an immunoglobulin constant region {Fc), typically that of a human immunoglobulin. For further details, see Jones et 4/,
Nature, 321:522-525 (1986); Reichmann et al,, Nature, 332:323-329 {1388}; Presta, Curr. Up. Struct. Biol., 2:593-
086 (1992}, and Clark, /mmunol, Today 21: 397-402 (2000). The humanized antibody includes a Primatized™

antibody wherein the antigen-binding region of the antibody is derived from an antibody produced by immunizing

nacague monkeys with the antigen of interest.

"Single-chain Fv" or "scFv" antibody fragments comprise the VH and V0L domains of antibody, wherein these
demains are present in a single pelypeptide chain. Generally, the scFv polypeptide further comprises a polypeptide
inlcer between the VH and VL domains, which enables the scFy to form the desired structure for antigen binding. For a
review of scFv see Pluckthun, in 7he Pharmacology of Monoclonal Antibodies, val. 113, Rosenburg and Moore eds.,
Springer-Verlag, New York, pp. 263-315 ({1894}, Dall'Acqua and Carter, Curr. Opin. Struct. Biof, 8: 443-450 {1998)
and Hudson, Curr. Jpin. fmmunal. 11: 548-557 (1889,

The term "diabodies™ refers to small antibody fragments with two antigen-binding sites, which fragments

comprise a heavy-chain variable domain [VH) connected to a light-chain variable domain (VL) in the same polypeptide
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chain (VH - VL), By using a linker that 15 loo short to allow painng between the two domains an the same chain; the
damains are forced to paw with the cornplementary domains of another chain and create two antigen-binding sites.
Diabodies are described more fully in, for example, EP 404,087; W0 93/11161; and Hollinger et &/, Proc. Natl. Acad.
Scr. 1§54, 90:6444-6448 (1993).

5 An "isolated"” antibody is one that has been identified and separated andfor recovered from a component of
its natural environment. Contaminant components of its natural environment are materials that wauld interfere with
diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and other proteinaceous of
nonproteinaceous solutes. In preferred embodiments, the antibody will be purified {1) to greater than 85% by weight
of antibody as determined by the Lowry method, and most preferably more than 99% by weight, (2) to a degree

10 sufficient to obtain at {east 15 residues of N-termunal or internal amino acid sequence by use of a spinning cup
sequenator-, or {3) to homogeneity by SDS-PAGE under reducing or nonreducing conditions using Coomassie blue or,
preferably, silver stamn. Isolated antibody includes the antibody /7 sty within recombinant cells since at least one
component of the antibody’s natural environment will not be present. Ordinarily, however, isolated antibady will be
prepared by at least one purification step.

15 By "neutralizing antibody” is meant an antibody molecule that 1s able to black or significantly reduce an
effector function of a'target antigen ta which it binds. Accordingly, a “neutralizing” anti-NGF antibody is capable of
blacking or significantly reducing an effector function, such as receptor binding and/or éiicitation of 3 celiular response,
of NGF. “Significaht" reduction means at least about 60%, preferably at least about /0%, more preferably at least
about /5%, even more preferably at least about 80%; still more preferably at least about 85%, mast preferably at

20 least about 90% reduction of an effector function of the target antigen (e.g. NGF). .

An antibody 1s capatle af "infubiting the binding” of a ligand to a receptor when it is capable of producing an
objectively measurable decrease in the ability of the ligand to bind the receptar.

The term “epitope” is used to refer to binding sites for {monaclonal or polyclonal) antibodies on protein
antigens. -

25 Antibodies which bind to a particular epitope can be identified by "epitope mapping.” There are many
methods known in the art for mapping and charactenizing the Jocation of epitopes on proteins, including solving the
crystal structure of an antibody-antigen complex, c‘ompetition assays, gene fragment expression assays, and synthetic
peptide-based assays, as described, for example, in Chapter 11 of Harlow and Lane, Using Antibodies, a Labaratory
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbar, New York, 1993, Competition assays are discussed

30 below. According to the gene fragment expression assays, the open reading frame encoding the protein is fragmented
either randomly or by specific genetic constructions and the reactivity of the expressed fragments of the protein with
the antibody to be tested is determined. The gene fragments may, for example, be produced hy PCR and then
transcribed and transiated into proteinn vitro, in the presence of radioactive aming acids. The binding of the antibody
to the radicactively labeled proten fragments is then determined by immunoprecipitation and gel electrophoresis.

35 Certain epitopes can also be identified by using Iérge libraries of random peptide sequences displayed on the surface of
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phage particles (phage libraries). Alternatively, a defined library of everlapping peptide fragments can.be tested for
binding to the test aptibody in simple binding assays. The latier approach is suitable to define linear epitopes of about
h to 15 amino acids.

An antibady binds “essentially the same epitope” as a reference antibody, when the two antibodies recognize
identical or sterically overlapping epitopes. The most widely used and rapid methods for deterrmning whether two
apitopes bind to identical ur sterically overlapping epitopes are competition assays, which can be configured in all
nuinber of different formats, using erther [abeled antigen or labeled antibody. Usually, the antigen is immobtiized on a
38-well plate, and the ability of unlabeled antibodies to block the binding of labeted antibodies 1s measured using
radigactive or enzyme labels. |

The term amino acid or amino acid residue, as used heretn, refers to naturally oceurring L amino acids or to D
amino acids as descnibed further below with respect {o vanants. The commonly used one- and three-letter
abbreviations for aming acids are used herein (Bruce Alberts et al., Melecuiar Biofogy of the Cell, Garland Pubiishing,
Inc., New York {3d ed. 1994)).

"Variants” are antibodies that differ in some respect from native antibodies while retaining the same
biological activity. Variants may have an amino acid sequence that differs from the sequence of the native antibody as
a result of an insertion, deletion, modification and/or substitution of one or more amino acid residues within the native
sequence. Variants may have a different glycosylation pattern from native antibodies. Further, variants may he native
antibodies that have been covalently modified.

A "disorder” s any condition that would benefit from treatment according to the present invention.
“Disorder” and “condition” are used interchangeabiy herein and include chronic and acute disorders or diseasés,
including those pathological conditions which predispose the mammal to the disorder in question. Non-fimiting
examples of disorders to be treated herein include lupus erythematosus, contact dermititis, eczema, shingles,
postherpetic neuralgia, hyperalgesia,. chromc pain, irritable bowel disease, Crohn's disease, colitis, bladder cystitis,
multiple sclerosts, asthma, psoriasis, and arthritis, including chronic arthritis and rheumatoid arthritis. A preferred
disorder to be treated in accordance with the present invention is an inflammatory condition, such as asthma, muitiple
sclerosis, arthritis, lupus erythematosus and psoriasis.

An “inflammatory conditien” is a condition characterized by one or more of pain, heaf, redness, swelling and
loss of function, and is associated with tissue injury, infection, irritation or damage.

The term “disease state” refers to a physiological state of a cell or of a whole mammal in which an
interruption, cessation, or disorder of cellular or body functions systems, or organs has occurred.

The term “effective amaunt” or "therapeutically effective amount” refers to an amount of a drug effactive to
treat and/or prevent a disease, disorder or unwanted physiological candition in a mammal. In the present invention, an
“effective amount” of an anti-NGF antibody may prevent, reduce, slow dewn or delay the onset of a disorder such as

lupus, muitiple sclerosis, asthma, psonasis or arthritis; reduce, prevent or inhibit (Le., slow to some extent and

11
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preferably stop) the development of a disorder such as lupus, mwitiple sclerosiz, asthma, psariasis ar acthrilis; and{or
relieve, to some extent, one or more of the syinptoms associated vath such a disorder.

In the methods of the present invention, the term “contral” and grammatical vanants thereof, are used to
refer lo the prevention, partial or complete inhibition, reduction, delay ar slowmng down of an unwanted event, e.g.

5 phystiological condition, such as the inflammatory response associated with a disorder such as asthma.

"Treatment” or “lreat” refers 10 both therapeutic treatment and prophylactic or praventative measurss.
Thase in need of treatment include those already with the disorder as well as those prone to have the disorder or these
in which the disorder is to be prevented. For purposes of this invention, beneficial or desired chinical results include,
but are not limited to, alleviation of symptoms, diminishment of extent of disease, stabhized {i.e., not worsening) state

10 of disease, defay or slowing of disease progression, amelioration ar palliation of the disease state, and remission
(whether partial or total), whether detectable or undetectable. “Treatment” can also mean prolenging survival as
compared to expected survival if not receiving treatment. These in need of treatment include those élready with the
condition or disarder as well as those prane to fiave the condition or disorder or those in which the condition or disorder
s to be prevented.

15 A “significant adverse effect” on the immune system is an effect that compromises the immune system
andfor inhibits a normal immune response to antigen challenge. An example of a significant adverse effect on the
immune system would be a reduced humaral immune response.

"Pharmaceutically acceptable™ carriers, excipients, or stabilizers are ones which are nontoxic to the cell or
mammal being exposed thereto at the dosages and concentrations employéd. Often the physiologically acceptahle

20 carrier is an aqueous pH buffered solution. Examples of physiologically acceptable carriers include buffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low melecular weight {less than about
tU residues) polypeptides; prateins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidene; amino acids such as glycine, glutémine, asparagine, arginine or lysine; monosaccharides,
disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; suqgar

22 alcohols such as mannitol or sorbitol; salt-forming counterions such as sedium; andjor nonionic surfactants such as

TWEEN , polyethylene glycol {PEG), and PLURGNICS .

A “liposome” is a small vesicle composed of various types of lipids, phospholipids and/oer surfactant which is
useful for delivery of a drug {such as the anti-NGF antibodies disclosed herein and, optionally, a'chemotherapeutic
agent) to a mammal. The components of the liposome are commonly arranged in a bitayer formation, similar to the lipid

30 arrangement af biological membranes.

The term “package insert” is used to refer to instructions customarily included in commercial packages of

therapeutic products, that contain information about the indicatiens, usage, dosage, administration. contraindications

andfar warnings concerring the use of such therapeutic products.
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“Mammal” for purposes of treatment refers to any amimal classitied as a mammal, mcluding humans,
demestic and farm ammals, and zoo, sports, or pet animals, such as dogs, horses, cats, caws, efc. Preferably, the

mammal 1s human.

0 B. Methods for carrving out the invention

As described in more detail below, admintstration of anti-NGF monoclonal antibody 811 1in a mouse model of

asthma reduced measures of airway hyperreactivity and inflammation but did not decrease the humoral immune

response to inhaled antigen as measured dy total serum immunoglobulin levels and serum level ot Igk.
Anti-NGF antibodies are known in the art. The anti-NGF antihodies useful in the present invention include
10 polyclonal antibodies, monoclonal antibodies, chimeric antibodies, humanized antibodies, human antibodies, bispecific
antibodies, heteroconjugate antibodies, and antibody fragments, as well as modified antibedies, including
glycesylation variants of antibadies, amino acid sequence variants of antibodies and covalently modified antibodies.
The antibodies can be made by any method known in the art.
Thus, monoclonal antibodies may be made using the hybridoma method first described by Kohler ef al.,
15 Nature, 256:495 (1975), or by recombinant DNA methods {U.S. Patent No. 4,316,567).

Briefly, in the hybridoma method, a mouse or other appropriate host animal, such as a hamster or macague
mankey, is immunized to elicit lymp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>